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Successor to both REFRIGERATING ENGINEERING 
including Air Conditioning, and the ASHAE 
Journal, the ASHRAE JouRNAL becomes the 
official publication of the consolidated 
American Society of Heating, Refrigerating 
and Air-Conditioning Engineers. 

The consolidated Society (1959) has 
been formed of the merger of the American 
Society of Heating and Air Conditioning 
Engineers (1894) and The American Society 
of Refrigerating Engineers (1905). 

There will result new unity and concen- 
trated efforts upon the solution of engineer- 
ing, research, design, development, installa- 
tion, application and operation problems of 
members. 

Your ASHRAE Journat will be your fore- 
most guide to news of professional engineer- 
ing, progress and people in these dynamic 
fields. 
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OFF TO A FAST START 


“It is far better’, someone has said “to light one little candle than 
to sit and curse the dark’. Just such constructive objectivity has 
quite apparently led to a heart-warming unity of purposes and 
plans for the new American Society of Heating, Refrigerating and 
Air-Conditioning Engineers. Dissenters have joined with merger 
proponents in impressive array. We confidently predict a bright 
future for this newest of American engineering societies—one in 
which all groups and factions will join in further perpetuating 
efforts toward the better accomplishment of long-established goals, 


With the conclusion of the 65th Annual Meeting of ASHAE 
in Philadelphia late in January, the last of the separate national 
meetings of either merged society has been held. The previously 
planned 55th Annual Meeting of ASRE at Lake Placid becomes 
the first of the annual meetings of ASHRAE, June 22-24. The first 
of the semiannual meetings of ASHRAE will be in Dallas, Texas, 
February 1-4, 1960. 


Thus rapidly do the continuit:~ ~stablish themselves. 
Committees are being appointed and ot nticipated in the 
Plan for Merger are being accorded ei.....veness. Indeed, that 
which once seemed like a three or even four year project of uni- 
fication may well be done in half the time. Such are the out- 
comes of willing hands and eager minds. 


ABOUT THIS ENGINEERING— 


In all the pros and cons about the merger which led to ASHRAE, 
there was one which impressed us with its irrefutable logic. Whether 
their activities had to do with heating or cooling, the members of 
both antecedent societies had at least two basic engineering phe- 
nomena with which te work—the transfer of heat and the circula- 
tion or maintenance of the transfer medium. That was the real 
common ground within engineering aspects. All else was so much 
icing on the cake. 


From that base derive certain identities in the points of 
applications—living, working, merchandising, transportation and 
recreational zones. And the objectives of comfort, health, efficiency, 
processing and preservation. 


Heavy emphasis, indeed, was placed upon the Research Pro- 
gram of ASHRAE in the formulation of staff and budgetary con- 
siderations allied therewith. The broad extent of this has been ques- 
tioned but, as we see it, whether performed in the ASHRAE Labor- 
atory or in independent places, the continuous augmentation of 
knowledge about the fundamental engineering that lies behind the 
whole concept of ASHRAE is an inescapably important one. 


Coulee, 
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Engineering the temperature... 
AROUND THE WORLD... 


Bangkok, Thailand. In oppressive heat and sweltering 
humidity the luxurious Erawan Hotel is completely 
cooled by Recold air conditioning equipment. Horizontal 
and vertical air handling units cool the public 

rooms. Small RE room units, individually controlled, 
cool and dehumidify each of the 206 apartments 

and bedrooms. 


RECOIL ID Sosronanen 
7250 East Slauson Avenue, Los Angeles 22, California 
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PIPE COVERING 


a new, economical, low temperature insulation 


(UJ IN] [-CREST DIVISION UNITED CORK COMPANIES 


UNI 


ExPaNt 





UNI-CRES Léa 
\ 


Uni-Crest, pipe covering, is an excellent 
low temperature insulating material, and 
is inexpensive to install and maintain. 

Uni-Crest’s low thermal conductivity 
(K factor), plus its high resistance to 
water and water vapor—are some of its 
prime qualities. It will not rot, mildew, 
or support fungus growth. 

Extremely lightweight, with a smooth, 
tough white surface, Uni-Crest is non- 
dusting, non-flaking, and easily cut and 
handled on the job. And Uni-Crest is 
inexpensive, too. 

For the address of the office nearest 
you, plus additional information about 
Uni-Crest pipe covering and an actual 
sample, please write to the address below. 


Since 1907 






NITED’s 


‘CREST 


t 
ED POLYSTYREN 


3 Central Avenue, Kearny, New Jersey 
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| CAN NOT AGREE... 
To the Editor: 


In your article, REFRIGERATING Ey. 
GINEERING, January 1959 by A. S. Deck. 
er and S. Gianni, “Predicting Leaving 
Dry Bulb Temperatures for Air Condi- 
tioning Coils,” I find a few points that 
should be made clear. 

The authors state that the appa 
ratus dew point “bears no resemblance 
to the actual surface temperature,” In 
order to justify the statement they com- 
pare an ADP obtained from their ex- 
periment to the calculated surface tem- 
perature on the leaving side of the coil 
finding approximately 10F difference 
when the refrigerant temperature is 
35F. It seems to me the statement is 
not prudent. 

First, the actual coil surface tem- 
perature varies from row to row and 
from tube surface to fin surface. We 
have roughly measured in our laboratory 
the fin surface temperature of the coil 
by attaching thermocouples at both 
front and rear ‘sides of the plate fin, 

The approximate average fin sur- 
face temperature obtained by our ther- 
mocouple readings closely resembles the 
apparatus dew point determined by the 
air conditions before and after the coil. 
Moreover, the apparatus dew point is 
quite close to the computed average 
surface temperature determined by the 
writer’s paper (Authors’ Reference 5). 

I can agree with the authors that 
the ADP is rather a fictitious entity by 
definition. But, I cannot agree with the 
authors’ statement that the ADP bears 
no resemblance to the true surface tem- 
perature. 

The writer is well aware that the 
surface temperature at the fin root, 
particularly at the leaving air side of 
the coil, is very close to the refrigerant 
temperature. (But it is not fair to com- 
pare the local surface temperature suc 
as that at the leaving air side of the 
coil to ADP, because ADP closely re- 
sembles the average surface tempera- 
ture.) : 

Perhaps the most interesting point 
of the paper is that the authors have 
found a cooling curve in their experi 
ment which is independent of the coil 
geometry and the air face velocity. But 
this is fairly obvious to me without in- 
volving the kinetic theory of gases (a8 
the authors suggested). The basic mass 
and heat transfer differential equation 
over the dehumidifying surface does 
not contain the coil geometry and face 
velocity. Thus, the solution of the dif- 
ferential equation should yield a 
unique cooling curve as long as dimen- 
sionless factors involved in the solution 
are maintained similar (which may 
have been the case of the authors’ ex- 
periments) . ; 

The important problem involved im 
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CHECK THE ADVANTAGES...THEN SPECIFY © INSTALL 


ALCOS 


NEW |VENTURI-FLO| 
DISTRIBUTOR 
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Assures equal distribution to all 
passes of a multi-circuit evaporator 
with a low pressure drop. 


WIDE APPLICATION RANcE— Compare the flow: 


from 25% to 150% of Rated Capacity. FIG. #1 — FLOW THRU AN ORIFICE PLATE FIG. #2 -- FLOW THRU A VENTURI 

No Pressure Recovery — High Pressure Drop Pressure Recovery — Low Pressure Drop 

LOW PRESSURE DROP—permits bie = le ant aS 3 
closer, more economical Thermo® ng 

STREAMLINES A 













Valve sizing—assures more stable 
valve control. 


ONE PIECE CONSTRUCTION— 
nothing to come apart, nothing to 
take apart—No orifices, plates or noz- 
zles needed for capacity regulation. 
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Call your Alco wholesaler — 
write for Specifications Bulletin No. 188-57. 







e BUY SECURITY 
e BUY QUALITY 
e BUY ALCO 






7810 










The one complete line of refrigerant controls: Thermostatic Expansion Valves « Refrigerant Distributors 
Slensid Valves + Suction Line Regulators - Flooded Evaporator Controls and Reversing Valves 
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SINCE 1880 


EVAPORATOR PRESSURE CONTROLS 


AMMONIA VALVES 
FREON VALVES 

CHECK VALVES 

LINE STRAINERS 
FORGED STEEL FLANGES 














FLANGED AMMONIA VALVE 
Globe and angle styles to 12''— 
threaded or welding companion 
flanges. Also screw end styles. 












FLANGED FREON 
SEAL-CAP VALVE 


Globe and angle styles to 12" 
—threaded, welding, or brass 
solder connections. Also 
screw end styles. 





EVAPORATOR 
PRESSURE 
CONTP 2k 
Types available for 
external, internal, 
dual pressure, sub- 
atmospheric, and 
stop valve opera- 
tion. 


Wolf-Linde Refrigeration Products 
are manufactured to standards of 
quality and fine workmanship which 
have made them unexcelled in the in- 


dustry. 


Famous since 1880 for outstanding 
design, sturdy construction, and effi- 
cient, cost-cutting operation. You are 
invited to consult with our engineers 


on all your needs and problems. 


Please write for catalogs 





DERSCH, GESSWEIN & 


NEUERT 


INC. 
4849 W. GRAND + CHICAGO 39 



























the dehumidifying coil performance op 


leaving DB prediction is the non 
form temperature of the coil surfage 
The fin root temperature could be mug 
lower than entering air dew point te 
perature even when the average s 
temperature computed by _ existing 
methods may indicate that the coil 
face is dry. This is one of the reason 


why conventional performance computa.” 
tions result in a large error when the 


sensible heat facter is near unity, 


TAMAMI KUSUDA_ 
Staff Engineer 


Worthington Corporation 


.. « SURPRISES ME A LITTLE 
To the Editor: 


“Predicting Leaving Dry Bulb Temper. 
atures for Air Conditioning Coils” sur. 
prises me a little in its stress on the 
fact that the line indicating the change 
of state, on a psychrometric chart of 
an air vapor mixture which passes oyer 
a coil containing a boiling refrigerant 
at a temperature appreciably below the 
dew point of the vapor is a curve and 
not a straight line. 

It seems to me, the article referred 
to as Reference (4) in the bibliography 
brings this out rather clearly even giv- 
ing a method for plotting the curve 
which experience has proven to be rea- 
sonably accurate. The authors do not 
appear to be familiar with the article 
by William Goodman, “Dehumidifica- 
tion of Air with Coils” which was 
given at the ASRE meeting on June 24, 
1936 and in which these curves are 
plotted for a number of cases. It has 
been generally known for many years 
that such a change is indicated by a 
curve unless the surface temperature of 
the coil does not vary. If the surface 
temperature of the coil is constant 
throughout, the change of state would 
be indicated by a straight line. 

To say that, “for a given entering 
condition and a given evaporating tem- 
perature this curve is approximately the 
same for all coils regardless of the 
geometric configuration or the face 
velocity” only indicates that the varia- 
tions in the values of these factors were 
too small or the accuracy of the tests 
was such (or both) that the effect on 
the curve was not apparent. Indeed, for 
the variation in geometric configuration 
and velocity normally encountered in 


actual use, the deviation of the curve — 


is small. 


It should not be assumed that these 7 
curves representing change of state of 
the mixture passing over the coil will ~ 
always reach the saturation curve at the © 
point representing the temperature of © 
the average surface exposed to the ait) 
at the leaving side of the coil. In some” 


cases it reaches the saturation curve at 


a temperature appreciably higher than” 
that and is slightly in the fog region at” 


the temperature of the surface on 


leaving side of the coil. This is shown 
in the article (4) of the bibliography. 


Certainly the deviation of 5 
points from curves in Figs, 1, 2 & 3% 


<3 


great enough to cover the variatio® 


caused by 400 to 600 ft/min face 


velocity and the different geometry 
the coils tested. These variations are, 


my opinion, too great to warrant aly@® 


conclusion that face velocity and col 
geometry do not affect the curves. I amt 
thoroughly convinced that these factors 
do affect the curve and that the methoé 


described in the article of Reference 
(4) in the bibliography enable plotting” 
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CUSTOMER'S MAN 


Viking customers know this man by reputation .. . if 
not by name. He is but one of the Viking production- 
inspection team whose job it is to maintain the quality 
and performance standards that customers expect and 
consistently receive in Viking thin-wall copper tube. 
By applying their knowledge and skill in the customer’s 
behalf, these men have maintained Viking’s reputation 


for producing thin-wall copper tubing to standards of 
quality and performance far above normal. 


Their efforts toward meeting customers’ requirements 
are being acknowledged daily by repeat orders from 
the nation’s leading manufacturers of air conditioning 
and refrigeration units and coils. 


COPPER T 
CLEVELAND 10, OHIO 


PRECISION DRAWN SEAMLESS COPPER TUBE 
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REFRIGERATION | 
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Large 11/2" to 4" 
Water Regulators 
2-Way and 3-Way 














oe m CONTROL 
R-12 VALVES 
R-22 Combination . 
AND Water Regulators e 
AMMONIA for R-12, R-22 


2-Way and 3-Way 





For those large or im- 
portant jobs where relia- 
bility and serviceability 
are essential, engineers 
specify R/S Solenoid 
Valves, Evaporator Reg- 
ulators and Water Regu- 











lators. 
V-Ported 
Back Pressure Regulator 
For Evaporator Control 
Threaded 
Welding 
or 
Sweat Sead 
Flanges 
FOR 
CONDENSED 
CATALOG 








Large or Special 
Solenoid Valves 





Liquid 
Suction 
Hot Gas 
Water 





Solenoid Valves 


CONTROLS 


REFRIGERATING 


SPECIALTIES COMPANY 


3004 W. LEXINGTON ST. @ CHICAGO 12, ILLINOIS 




















of the approximately correct curyes 
a particular case if the geometry, 
and film heat transfer resistances gp 
known. I am inclined to feel that th 
“K” value for sensible heat coeffe; 
for the air side, as given in that Arg 
(4) should be reduced about 20%, 
M. A, 

Consainia Pir 


Worthington Corporation 


THAT FROST ACTION FORMULA 
To the Editor: 


Your correspondent, H. G. W 
(RE January 1959) was quite corey 
in assuming an error in one formula jy 
“Frost Action Under Cold § 
Plants” (RE October 1958), This 
should have read 

(To nae Ta) 


, = 
1 —] 
roKy 


22° 2z | = 
1+ — — -,4/1+— 
fo Te \ Te 

The minus sign appearing in th 
denominator of the expression in’ the 
text should have been a multiplication 
sign. 

The expression for calculating th 
equivalent radius ro appearing in the 
text is for a slab of linear dimensions 
“2a” and “2b” not “a” and “b” a 
quoted. 


T(z) — Tm 








D. C. PEARCE 
Belmar, N. J. 
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Higher incomes 


A notable event 


Nuclear powered cooling 


New materials studied 
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Planning ahead 


Useful information 


Aviation meet 


Declining 


Old buildings 
air conditioned 


Late news highlights 


Engineers’ salaries are increasing on an average of 64% a year, according to 
“Professional Income of Engineers,” a report published by Engineers Joint 
Council (RE, January 1959, page 19). Median salary of engineers in industry, 
government and education in 1958 ranged from $6,125 annually for engineers 
with one year of experience to $11,000 for those with 20 years of experience. 
Despite the recession, 1958 graduates had numerous job offers ee porns 
salaries were higher than in 1957. 


With 470 exhibits, including complete heating and cooling systems and com- 
ponents representing various methods of heating, cooling end circulating indoor 
atmosphere and registration of 20,699, the 14th International Heating and Air 
Conditioning Exposition surpassed previous displays in size and attendance. 


“Within ten years nuclear fission will be employed extensively to create both 
heat and electricity. . . . The use of such heat or electricity to drive air 
conditioning and refrigeration equipment should be an immediate, practical 
application.” This is the prediction of Dr. J. F. Downie Smith, vice president 
in charge of Research and Development, Carrier Corporation. Aithough 
reactors can be used in this country now, they are more expensive than other 
energy sources; however, new designs, more experience and heavier volume 
will bring the cost down where it will be comparable to coal, oil and gas. 


Research on the thermoelectric properties of some materials which have thus 
far received little attention for thermoelectric cooling possibilities has been 
undertaken at Battelle Memorial Institute. Basic objective is to prepare new 
compounds and test their resistivity, thermal conductivity and thermoelectric 
power. Materials that have been investigated extensively, such as bismuth 
telluride, are not included in the present study, which is being sponsored by 
16 industrial firms. 


American management must rely on research and planning programs to enable 
it to make decisions that will keep its companies in business years from now, 
advised Mark W. Cresap, Jr., president of Westinghouse Electric Corporation. 
Management has to anticipate the changes that will take place as a result 
of an expanding economy and advancing technology. 


A guide to sizing, installation and servicing of units, Residential and Com- 
mercial Air Conditioning by Charles H. Burkhardt provides information on 
calculating heat gains, sizing of cooling systems, installation of unit and various 
components and installation and operational controls. Important advances in 
absorption cooling, air cooled condensers, water towers and compressor and 
component servicing are discussed. The book contains numerous service charts 
and installation diagrams. (New York, McGraw-Hill Book Company, 324 pp., 
$9.) 


“This Shrinking World” will be the theme of the ASME Aviation Conference 
to be held March 9-12 in Los Angeles. To cover developments relating to jet 
transports, satellites, propulsion and missile and satellite logistics, the meeting 
will include a session on air conditioning of aircraft. 


Enrollment in American engineering schools is declining for the first time in 
seven years, reports the American Society for Engineering Education. There 
were 2.9% fewer engineering students in the fall of 1958 than in 1957, and the 
freshman class was 11.6% smaller in 1958 than in 1957. 


Upon completion of its reconstruction at the end of 1959, the 117-year-old 
Court of Appeals hall in Albany will probably be the oldest air conditioned 
building in the world, reports Carrier Corporation whose equipment is being 
used. Perhaps the second oldest is the 17-story Rockefeller Building in Cleve- 
land, built 63 years ago and fully air conditioned by Carrier in 1957. 
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EJC Board Meeting 





Pre-engineering grants 


Engineers and public relations 


ECPD reports 


Miniature freezer 


Supplement 


Still more scholarships 


Leasing by units 





Some highlights of Engineers Joint Council Annual Board Meeting held jy 
January were a seven point recommendation for strengthening and j 
menting the work of EJC; a proposal approved by the Council for steps j) 
be taken toward eventual merging of EJC, ECPD and EMC under one co. 
poration, with each division maintaining its own identity; and a } 
address by Dr. Robert B. Brode, Associate Director of the National Sciencg 
Foundation, on the policies of NSF toward engineering. 


Trane Company is making available up to eight $500 two-year pre-engineering 
scholarships to high school seniors in the La Crosse, Wisc., area. Upon com. 
pletion of the course, which is being conducted in cooperation with La Crosse 
State College, studeuts may be offered positions with Trane as technicians 
working on engineering related projects. 


Addressing the recent Annual Meeting of the American Institute of Electrical 
Engineers, Dr. James R. Kiilian, Jr., Special Assistant to the President on 
Science and Technology, stated that there is a poor distinction betwee, 
“science” and “engineering” in the public mind on invited the engineering 
profession to help bring into “more clear focus the image of the engineer, 
Also aware of this problem, last fall Engineers Joint Council planned a con- 
ference on public relations aspects and problems of the engineering profession, 
including a plan for a national advertising program to accomplish what Dr. 
Killian suggested, “paint for the public an accurate picture of what the 
neer does.” At that time it was not possible to finance the project, but it is 
hoped that such a program will take place in the near future. 


Engineers’ Council for Professional Development has issued its 26th Annual 
Report which reviews comprehensively that organization’s activities for the 
year ending September 30, 1958. Included are reports of all major committees. 


Only 2 in. long and % in. diam., a freezing unit developed by A. J. Ross of 
Elmhurst, Ill., supposedly can produce 20 lb of ice per day under ASHRAE 
test conditions and 50 lb under ordinary household conditions. With only one 
special part — a small helical conveyor that removes ice flakes from the exterior 
— the unit is actually the complete evaporator for a refrigeration system using 
standard parts. Since it can be connected into ordinary refrigerator systems 
without overloading, the unit provides a quick means of making semi-frozen 
beverages. 


Among topics slated for discussion at the forthcoming annual convention of 
the National Association of Refrigerated Warehouses, to take place April 69 
in Washington, D. C., are: meeting modern trends by modernization of existi 
facilities; refrigerated warehousing and truck transportation; effect of r 

on the future of refrigerated warehousing; and frontiers of public refrigerated 
warehousemen. 


Air Conditioning and Refrigeration Institute has issued a Supplement to the 
Directory of Certified Unitary Air Conditioners published in January. ; 
are names of three additional manufacturers participating in the Certification 
Program for Unitary Air Conditioners and model ratings of four companies 
which did not appear in the Directory. 


Educational awards totaling $20,000 will be presented to winners of a con 
sumer essay contest sponsored by Carrier Corporation to call attention to its 
1959 line or room air conditioners. A $5,000 scholarship will be awarded to 
winners in each of the company’s four regions. While contest blanks are a 
able at Carrier dealers, it is emphasized that no purchase is required in 

to participate. 


Package Lease Plan for the refrigeration and air meaning — whereby 
any combination of equipment may be considered one package an leased #8 
a unit for three to five years has been announced by Nationwide g 
Company. This plan permits firms to acquire $10,000, $25,000, $50,000 oF 
more in equipment without depleting their liquid working capital. * 
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New insulating media 


for hermetic motors require new tests 


Primary purpose of the project dis- 
cussed in this paper was to develop 
laboratory instrumentation which 
would make it possible to evaluate 
nw types of insulating material 
dectrically, chemically and physi- 
cally. At the inception of this work 
it was considered likely that the 
apparatus finally developed would 
not resemble closely any commer- 
dally available devices. Many of 
these had been developed to satisfy 
conventional testing procedures 
which did not reveal much about the 
fundamental nature and properties 
of insulating materials. When an 
interest was shown in determining 
Pssible uses within our organiza- 
tion for new insulating materials, 
it was decided that a new basic 
physical approach was necessary. 
It was intended that only those 
festing procedures which proved 
genuinely useful in determining the 
suitability of insulating materials 
for specific applications would 
be retained. Unnecessary testing 
methods, regardless of how much 
they had been sanctified by tradi- 
tional use, were to be discarded. 
The program was to be kept as flexi- 
tle as possible because with the 
lumber of new insulating materials 
that are now available, there is 
Wobably no single set of testing 
Mecedures that will evaluate all of 
them accurately and fairly. 
un F. Harris, Research Physicist, and Dr. 
Mie B, Sonnino are with Emerson Electric 
”. This paper was presented as “Instru- 
Mntation and Methods for Evaluating Pro- 
New Hermetic Motor Insulating Ma- 


Wtials” at the 45th Semiannual Meeting of 


= in New Orleans, La., December 1-3, 
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JOHN F. HARRIS 


CARLO B. 
SONNINO 


Developing test instrumentation 
is not an end in itself. There must 
be a purposeful and carefully 
thought out philosophy behind any 
extensive instrumentation-develop- 
ment program. The basic aim of 
the present program is suggested 
by a question asked by the chief 
electrical engineer of one of our 
organization’s customers. “Recently 
I removed a hermetic motor from 
a compressor that has been operat- 
ing for seven years. The rag base 
paper slot liners were oil soaked; 
the cuffing on the slot liners was 
frayed; the wire enamel had begun 
to deteriorate in places; the motor 
in general was a disreputable look- 
ing sight. However the motor per- 
formed satisfactorily and if it had 
been left in the compressor, it 
might have given several more 
years of good service. Should this 
motor be considered a good motor 
or a bad motor?” As this question 
suggests, the primary purpose of a 





testing program is to determine if 
the material or appliance will per- 
form satisfactorily the function for 
which it was intended. 

The insulation evaluation pro- 
gram resulted in the development 
of a number of new test instru- 
ments. The instruments discussed 
in this paper include: (1) a con- 
trolled ambient chamber for her- 
metic use, (2) a high potential wire 
film continuity tester, (3) a device 
for determining the cut-through 
temperature of wire coatings and 
insulating varnish films, (4) a 
modified type of Elsee tube, (5) 
high temperature and pressure 
stability test bombs, (6) a hermetic 
Soxhlet extraction bomb for refrig- 
erant extractions, (7) improved 
blister test bombs and (8) an all 
purpose Nema wire twist fixture. 

The qualifying dielectric tests, 
cut-through tests, comparison surge 
tests, etc. for the components of the 
insulation systems of hermetic mo- 
tors are now made in air at room 
temperature and pressure. This is 
unrealistic because hermetic motors 
operate in an ambient of oil and 
refrigerant gas at various tempera- 
tures and pressures. A better corre- 
lation can be obtained between labo- 
ratory test data and actual operat- 
ing conditions if the qualifying 
tests are conducted in a chamber 
in which the ambient conditions en- 
countered in a hermetic compressor 
shell are simulated. Such a pro- 
cedure is essential when investiga- 
tions are made of new insulating 
materials. A controlled ambient 
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Fig. 1 Controlled 
ambient chamber 


chamber was built in the Research 

Department to fill this need. The 

basic shell of the Controlled Am- 

bient Chamber consists of a T-sec- 
tion of cast steel pipe with an 8-in. 
inside diam. The three access open- 
ings to this pressure vessel are 
closed with 14-in. thick boiler plate 
covers bolted to the pipe flanges. 
Teflon covered gaskets assure a 
pressure and vacuum seal. The unit 
has an ASME pressure vessel rat- 
ing of 125 psig. A %%-in. diam cop- 
per tubing wound around the out- 
side of the T-section and acting as 
the evaporator of an external re- 
frigeration system cools the device 
to temperatures that are found in 
the suction side of a compressor. 

Some important features of the 

Controlled Ambient Chamber are: 

1. The chamber is connected di- 
rectly to a manifold through 
which it is possible to evacuate 
the chamber to pressures as low 
as 110 micron or to charge it to 
any desired pressure with re- 
frigerant gases. 

2. 10 specially designed spark plugs 
in one of the cover plates make 
it possible to introduce electric 
power at heavy currents and low 
voltages or low currents with 
voltages as high as 9000, which- 
ever may be desired for the par- 
ticular test being conducted. By 
changing the external connec- 
tions to the spark plugs it is pos- 
sible to conduct several tests in 
succession without opening the 
chamber. Other special spark 
plugs with copper and constan- 
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tan electrodes are also used to 
connect pyrometers to thermo- 
couples inside the chamber. 


3. High pressure Pyrex windows 


are provided in two cover plates 
so that phenomena occurring in 
the chamber during tests may 
be seen or photographed with a 
rapid-print camera which can 
be attached to a special mount- 
ing on one of the windows. 

4. Provisions have been made to 
mount a compressor inside the 
chamber. An external evapora- 
tor and condenser will complete 
the test refrigeration system. 
This compressor accepts 55 
frame hermetic motors and the 
stators may be changed readily 
during testing operations. It is 
possible to observe and photo- 
graph the motor winding during 
the operation of the compressor. 

5. Provisions have also been made 
to connect a small high pressure, 
high temperature vessel to the 
Controlled Ambient Chamber 
with a hermetically sealed sole- 
noid operated valve opening and 
closing the connection between 
the two chambers according to a 
predetermined cycle. Metal, me- 
tallic oxide, and organic contam- 
inants will be placed in the small 
high temperature, high pressure 
vessel and allowed to react with 
the refrigerant ambient. During 
the portion of the cycle when the 
valve is opened, the contaminated 
gas will flow back into the larger 
chamber which duplicates con- 
ditions in the suction side of a 
compressor. 

Herewith are listed some of the 
test procedures now studied in the 

Controlled Ambient Chamber. 


1. Cut-through test for wire enam. 
el. A small fixture hag been 
built which makes it possible ty 
perform cut-through tests on 3 
samples of magnet wire in gg 
quence without disturbing th 
system seal. The only othe 
known facility where gy. 
through tests may be made ing 
refrigerant ambient is at the 
research laboratories of one of 
the copper companies. A gpg. 
cial type of cut-through tes 
for determining the surface pe 
sistance of insulating varnish 
films on copper shim stock May 
also be made with the present 
equipment. 


2. Effects of corona on insulation 


materials. When the pressure of 
the refrigerant gas in the am. 
bient chamber is reduced t 
values between 120 and 300 ni- 
crons, test samples may be totally 
immersed in an extensive but 
controlled corona glow. Usually 
a 5000 volt ignition transformer 
with adjustable, controlled input 
is used to supply voltage to the 
specimen under test. Infrared 
spectrographs, made before and 
after test, can determine any 
chemical degradation that has 
occurred either in the insulating 
material or in the refrigerant 
gas ambient. 

3. Burn out system contaminants. 
At present it is possible to clean 
a refrigerating system in which 
a motor failure has occurred by 
purging with the refrigerant. 
Certain film insulations, rag base 
paper and plastics impregnating 
varnish leave no_ by-produels 
that cannot be removed readily. 
Manufacturers of refrigerating 


WIRE CONTINUITY TEST 


Magnet Peak 
Wire No. Of Punctures Test 
Coating Per 100 ft. Length Tested Voltage 
Formvar A Min, 0 2000 ft. 7.7 KY 

Mean 3 
Max. 6 
Formvar B Min. 0 2000 ft. 7.7 KY 
Mean 4 
Max. 6 
Acrylic A Min. 10 500 ft. 
Mean 15 
Max. 20 7.7 KY 
Hi Temp Min. 30 500 ft. 
Polyurethane Mean 35 
A Max. 44 7.7 KV 
Hi Temp Min. 15 500 ft. 
Polyurethane Mean 20 
B Max. 35 7.7KY 
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Fig. 2 Wire film continuity tester 


equipment are deeply concerned, 
however, that some of the new 
proposed insulating materials 
may have combustion residues 
that cannot be removed with 
conventional safe solvents, such 
as the refrigerants. If this is the 
case, an entire system might 
have to be scrapped after a mo- 
tor failure. In the Controlled 
Ambient Chamber 55 frame her- 
metic motors may be burned out 
under actual operating condi- 
tions and the auxiliary tubing 
evaporator and condenser may 
then be studied to determine the 
character of the burn out con- 
tamination. 


. Refrigerant gas decomposition. 


The decompusition of refrigerant 
gas under simulated operating 
conditions may be studied in two 
ways. With the ambient chamber 
kept at compressor suction side 
conditions, a tungsten filament 
is heated to represent a wire 
burn out. The refrigerant gas 
is then analyzed for chloride or 
fluoride ion content. In the alter- 
nate method contaminants are 
introduced into the high temper- 
ature, high pressure auxiliary 
vessel and allowed to react with 
the refrigerant gas. The gas in 
the main chamber is then ex- 
amined for decomposition. 


. Dielectric tests. All standard 


dielectric tests, corona starting 
tests, and repetitive comparison 
surge tests can be conducted on 
insulation systems in the Con- 
trolled Ambient Chamber. 

Use of the Controlled Ambient 
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Fig. 3 Continuity tester (schematic diagram with 
wire counter and detector circuits omitted). (A) 
Output with transformer T2 and leads alone; 
(B) with electrode, test wire, Cl and C2; (C) 
“Fault” oscillogram 


Chamber has opened a relatively 
new field in the investigation of 
hermetic insulation materials. Tests 
conducted in this chamber could 
bridge the gap existing between 
physical and electrical laboratory 
tests and accelerated life tests made 
in customers’ refrigerating sys- 
tems. 

Development work has _ been 
completed on the non-destructive 
Continuity Tester for magnet wire 
insulation films. This device seems 
to be superior to other non-destruc- 
tive devices now available for de- 
tecting crazing and imperfections 
in magnet wire films. The Continu- 
ity Tester is a high potential con- 
tinuity tester. As shown in the 
schematic of Fig. 3 a reel of wire 
to be tested is guided into a cylin- 
drical electrode with flared ends and 
pulled at an average speed of 15 
fpm. This relatively slow speed is 
believed better for this laboratory 
application than the 100 fpm pro- 
duction test speeds. A moderately 
peaked voltage is applied to the 
circular electrode. With the test 
wire always at “ground’’, pinholes, 
and other types of discontinuities 
of the enamel are detected by means 
of the resultant arcs that form 


when the breaks arrive at the elec- 
trode. A “take up” reel rewinds the 
tested portion of the wire. A 
counter indicates total wire length 
reeled out, and another registers 
the arc count. The test results are 
in terms of number of faults (arcs) 
per 100 ft. It is non-destructive as 
proved on “twist test’, (before and 
after test). 

The Continuity Tester simply 
provides a uniform ionizing field 
for detecting physical flaws of the 
enamel in question by causing an 
arc to strike for each flaw. In order 
to permit proper testing conditions, 
however, the equipment must pro- 
vide: (1) constant alignment of the 
wire with respect to the electrode, 
(2) constant tension, (3) constant 
voltage, (4) constant waveform and 
(5) spark quenching. Some details 
of these will be mentioned here. 
1. Parallelism and centering of the 

wire is accomplished by rigid 
insulated guides on each side of 
the high-voltage electrode. The 
closer these guides are to the 
electrode, the better the control 
on the wire. Limiting separa- 
tion—they must not be so close 
as to cause corona between the 
holders and electrode. 
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Fig. 4 Cut-through tester. 


. Tension is desired to insure 
straightness of the wire while in 
the electrode, and for proper 
reeling out. A simple brake pro- 
vides fairly constant sliding fric- 
tion on the test reel at the 
nearly constant reeling-out speed 
used. A constant speed gear- 
motor is used for drive. 


3. & 4. Parameters involved are: 


electrode configuration; electrode 
voltage, and shunt capacity. 
These include length and di- 
ameter relationships for the wire 
size to be tested and for the 
peaked-ness of the electrode volt- 
age. With the ignition trans- 
former available for the project 
(a Webster 110; 5000 volt rms 
125 volt-amp transformer) the 
wave form of the no load sec- 
ondary voltage remains essen- 
tially the same from 95 to 125 
volt primary with some increase 
in rms and peak values. 

A flared cylindrical electrode 
shape was chosen after trying 
out different sizes of toroidal 
shaped electrodes. Additional 
shunt capacitance was added be- 
cause it appeared that at “no 
fault” condition a certain level 
of ionization was maintained. 
The limiting value for shunt 
capacitance is about 1000 mmf. 
. Spark quenching is realized by 
three means: current limiting 
resistors, the low short-circuit 
characteristic of the transformer 
(high reactance type) and the 
eventual separation of a fault 
from the electrode (as wire 
travels out). 

. Voltage control is achieved by 
means of an auto-transformer. 

. This device is completely auto- 
matic and counts the number of 
failures per 100 ft. of wire. 

A new type of insulation cut- 
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Fig. 5 Cut-through tester (circuit diagram). T2 
and T3 to give 75 amp each through A’-B’ and 
C’-D’. Tl autotransformer, 1.0 kva 


crossing each other at a 90° 
angle are pressed down against 
an anvil of silver solder which 
contains an iron-constantan ther- 
mocouple. The silver solder an- 
vils are thermally insulated from 
the rest of the device by a cer- 
amic tube. Heat is generated 
within the magnet wire speci- 
mens by passing controlled cur- 
rents, varying from 35 to 45 
amps through both wires. All 
heat is provided by these in- 
ternal 1?R losses. 


to obtain curves showing ther. 
moplastic flow, wire temperature, 
and current plotted against time, 
Such curves provide a_ better 
understanding of the nature of 
some of the new synthetic ma- 
terials offered as insulation to 
the electrical industry. 

The insulation  cut-through 
tester may also be used to deter- 
mine the cut-through temperature 
of insulating varnish films. Strips 
of copper shim stock five mils in 
thickness and 4 in. wide are coated 
with the varnish to be tested. The 
copper strip is heated by a heavy 
current which passes through it and 
the temperature of the strip is 
sensed by a thermocouple in a silver 
solder anvil under the center of it. 
A ball point pen (without ink) is 
pressed into the varnish film by a 
calibrated weight. When a current 
varying between 0.4 and 0.6 amp. 
passes from the ball point pen ele- 
ment to the copper shim stock, the 
test is terminated and the time of 
puncture is recorded. 

The Carius tube type of sta- 


TEST RESULTS* 


through tester for magnet wire has 
the following features: 
1. Two samples of magnet wire 
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2. When cut-through occurs a cur- 
rent sensitive relay stops the test 
when the current passing from 
one wire sample to another 
reaches the value of 0.5 amp. A 
potential of 115 volt, + or — 0.1 
volt, is maintained between the 
two wire specimens during the 
test. 

3. During the test a dial indicator 
(reading to 0.0001 in.) may be 
used to record the magnitude of 
the thermoplastic flow of the 
wire enamel. 

4. With this device it is possible 

CUT-THROUGH 
Cut-through 

Samples Temperature 

#8134 375 F 

Terebec F 440 F 

# 100/356/1A 360 F 
Polyurethane 

High Temp. 410F 
Polyurethane 

High Temp. 330 F 
Heavy Formvar 

#60 Polyurethane 395 F 

#62 Polyurethane 395 F 

#64 Terebec F 455 F 

#55 Polyurethane 360 F 

#66 Polyurethane 360 F 

New Formvyar 300 F 

Acrylic A 410F 

Acrylic B 390 F 





* A and B are code letters for suppliers. 


- All wire coatings are 18 AWG heavy. 


Heating 

Current Test Time 
45A. 3 min. 
50A. 1" 40" 
45A. 2' 30" 
45A. 5 min. 
45A. "30" 
45A. 3 min. 
45A. 3 min. 
50A. 2 min. 
45A. 2' 30" 
45A. 2' 30" 
45A. 0' 45" 
45A. 5 min. 
45A. 3 min. 
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bility test in which material or 
materials are placed in a_ sealed 
glass vessel and subjected to high 
temperatures and pressures to de- 
termine pressure and temperature 
stability and to study compatibility 
has certain disadvantages. Prepar- 
ation of the glass specimen tube 
requires great care and the percent- 
age of breakage is quite high. Also, 
it is impossible to record pressures, 
and without a precise knowledge of 
pressure variations the value of 
the test is diminished. The Elsee 
tubes used by Dr. Kvalnes of du- 
Pont in investigating the stability 
of refrigerants are Carius tubes in 
miniature and suffer from the same 
disadvantages. 

In our research department a 
small steel bomb of special alloy 
has been developed which makes it 
possible to study all the Carius tube 
reactions without danger of glass 
breakage and with an accurate re- 
cording of temperatures and pres- 
sures. Twelve of these bombs have 
been built and are now used to 
study the stability of hermetic in- 
sulating materials in refrigerant 
and oil ambients. 

The interior of the stability 
test bomb is effectively 5-7/16 in. 
long and 25/32 in. diam. The bomb 
is made from 114 in. diam. Stellite 
Hastalloy B Bar. The seal between 
the bomb and bomb cap is obtained 
With an O-ring. A process valve in 
the bomb cap is used for charging 
and gage connections. A 2 point, 
7 day recorder is used to obtain 
4 printed record of variations of 
bomb temperatures and pressures. 
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Fig. 6 Stability test bomb 


Fig. 7 Refrigerant 
extration bomb, 
assembled and 
disassembled 


Pe 


The general construction of these 
bombs (See Fig. 6) is such that a 
dozen can be accommodated simul- 
taneously in a medium-sized labora- 
tory oven without difficulty. 

These bombs, made from ma- 
terial as inert and contamination 
free as the glass in the Carius 
tubes, increase greatly the number 
of stability tests that can be con- 
ducted by a small laboratory staff. 
When pressures as well as tempera- 
tures are recorded during stability 
tests and these data are coupled 
with infrared analyses of the ma- 
terials made before and after the 
stability tests, knowledge of the 
new insulating materials will be 
extended. 

Although the determination of 
methanol and trichlorethylene ex- 
tractables is quite important in 
qualifying a hermetic type of in- 
sulating material, it is still more 
important to determine what ex- 
tractables will be taken out of the 
material by the various refriger- 
ants. Extraction bombs were built 
in our laboratory which were based 
on work done by Harry B. Bolsen 
of the General Electric Company. 
This type of bomb is really a her- 
metically sealed Soxhlet extractor. 


Fig. 8 Blister test 
bombs and reservoir 








In a sealed explosion proof glass 
globe is suspended a small self- 
siphoning glass container for the 
extraction. The stainless steel cover 
for the glass globe has in it a 
water cooled condenser. A 150 watt 
incandescent bulb placed under the 
apparatus provides the heat source. 

The material which is to be 
tested for extractables is ~laced in 
the self-siphoning cup and after the 
bomb is evacuated, it is filled with 
about 8 oz. liquid refrigerant. When 
the extraction cycle is started, the 
heat from the incandescent bulb 
causes the refrigerant to vaporize 
As the vaporized refrigerant con- 
denses at the top of the bomb it 
drips into the siphoning cup. When 
the siphoning cup is filled to the 
proper level, the liquid siphons off 
automatically and the extraction 
cycle begins again. Each extraction 
cycle takes 10 to 14 min. 

The specimen is weighed care- 
fully before and after extraction on 
a Microgramatic Balance. The ex- 
traction. process sometimes results 
in a gain in weight for the speci- 
men. This is due to the fact that 
the refrigerant enters into solid 
solution with the insulating mate- 
rial and cannot be removed even by 
baking at 200F for a half hour. It 
is necessary to remove the residue 
from the bottom of the large out- 


Fig. 9 Blister test 
bomb disassembled 
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Fig. 10 NEMA twist test fixture 


side glass globe with spectrographic 
grade chloroform and to separate 
the extractables by distillation. The 
use of this technique has made pos- 
sible precise determinations of re- 
frigerant extractables in hermetic 
insulating material. Some of these 
data may be found in the accom- 
panying tables. 

To improve the technique for 
testing the blistering effects of the 
hermetic ambient on magnet wire 
coatings, blister test bombs of steel 
were built which could be immersed 
in an oil bath whose temperature 
was thermostatically controlled. The 
bombs are provided with pressure 
gages and when they are filled, 
after evacuation, with 50 cc. of 
Suniso 3G oil and 2 oz. of Re- 
frigerant 22 and maintained at a 
temperature of 40C, the bomb pres- 
sures do not vary more than 3 psig 
from bomb to bomb. The bombs are 
designed so that they can be un- 
loaded in 10 to 14 sec and the re- 


sults obtained are more exact than 
those obtained with other proced- 
ures. 


CRAZE-FREE SAMPLES 


Realistically, the proper preparation 
of Nema magnet wire twist samples 
has been a great concern to our re- 
search department. It was dis- 
covered that any handling or form- 
ing of the Nema twist after it has 
been prepared tends to cause crazing 
at the Y shaped ends of the twisted 
pairs. With some wire enamels this 
crazing is audible if the Nema twist 
is manipulated close to the ear. It 
was decided to build a Nema twist 
fixture on which the magnet wire 
twist could be prepared and tested 
without being touched by human 
hands. When this fixture was first 
used, it was discovered that the di- 
electric equipment available in the 
laboratory would not provide high 
enough ac and de voltages to punc- 
ture the insulation in many cases. 
Even the comparison surge test 
voltages available were not suffici- 
ently high. The adoption of this new 
Nema twist testing stand has neces- 
sitated a redesign of our dielectric 
testing equipment. The main ad- 
vantage of this device is that it is 
now possible to determine the ef- 
fects of twisting and tensioning on 
magnet wire film without intro- 
ducing handling variables. Tests are 
more consistent and reproduceable. 

As testing is not an end in it- 
self it may be asked if after all the 
development work on new instru- 





BLISTER BOMB TESTS* 
at 40 C, 190-210 psig 
with 50 cc. Suniso 3G oil, 2 oz, 
Refrigerant 22 for 16 hr. 


No. of Blisters 
Wire Enamel in 4 Length 
Formvar A 15 
Formvar B 0 
Acrylic A 10 
Acrylic C 0 
High Temp. Polyurethane A 4 
High Temp. Polyurethane B 2 


* A, B & C are code letters for suppliers. All wire 
coatings are 18 AWG heavy. 


mentation any conclusions were 
reached about the virtues of the 
many new synthetic materials pro- 
posed for hermetic use. In this con- 
nection it should be pointed out 
that the laboratory tests which have 
been discussed are only a stepping 
stone towards the final and decisive 
evaluation tests, namely, acceler- 
ated life tests in refrigeration sys- 
tems and field tests. However, it 
may be stated with appropriate re- 
servations that some of the newer 
modified polyurethanes show the 
greatest promise as wire: coatings 
and insulating varnishes. Some 
questions have been raised, how- 
ever, about suggested polyester film 
slot lining materials. Dacron seems 
to be satisfactory tying cord and 
lead wire insulating material. The 
main advantage derived from the 
instrumentation development was 
the ability to make more rapid aad 
careful evaluations of hermetic in- 
sulating materials. 

































































STABILITY BOMB TESTS At 310 F, 100-150 psig in Gas for 72 hr. 
Atmosphere % Weight Change % Thickness Change Loss of Flexibility Color Change 
é s.| Bs s ig lve s |e. Ige 5 g 33 
SE ss! <2 % S588 Se SS (25 3 ss | «2 
gz | os] 32 | | £82252] | $2 (Se $2 || 22 | cS | 38 
© a | 36 at s* 28 © le” |sd a” |}@ ae 
pate BS, : _—___—_—___— 
Vacuum 0.024] —0.29 | —4.51 +2.5] @ | None] S | M None |To Brown Lighter 
2 |4 
{ Helium & Argon] —0.18 | —3.71 | —3.4 +2.0 < + = + None SL None to Beige| Lighter 
| > Si> 3 | 
| Refrigerant 22 +0.48 | —5.81 | —3.12 13.015 § ° E None! S SL None bo Med./ To 
Gas} = aie 3 Brown | Brown 
0.3 cc. Water & ¥ 3 ¥ 4 To To Med 
Refrigerant 22} —— | —4.27 | —3.96 — | 23122 2S it White |Brown | Non? 
ae ages ee To 
| cc. Water — | -0.9! 3.4 fs =3 S SL S White hay sews 
Hlium & Argon] +0.78 | +1.34| —.55 +3,0)-8 s/S 5 M None| SL ee 
i oll oe To Black} |. 
Gas & Oil 2*\2 Yellow [Brows | Lighter 
Liquid | Refrigerant 22 FLAT | 1.43 | F17 T2582 |2 M M SL None |To Black} None 
& Oil | | Brown 
M=Moderate SL=Slight S—Shatters ORIGINAL COLORS Polyester Film Rag Base Paper | Mod. Cellulose 
Colorless Gray Med. Brown 
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Masonry chimneys have been used 
in most of the previous work in the 
study of chimney performance. As 
a result, a fundamental analysis 
leading to a general design method 
for aluminum chimneys has been 
dificult, if not impossible. This 
paper presents such a fundamental 
analysis, along with the theory on 
which a future design paper will 
be based. 

Masonry chimneys were not 
wed in this work due to high costs 
of construction and difficulty. in 
changing diameters and _ heights. 
Instead, it was decided to use 
dluminum tubes of 4- and 6-in. 
diam from which chimneys of vari- 
ous heights could be easily fabri- 
cated. Having checked the funda- 
mental theory, calculations could 
then be made which would apply 
tochimneys of any material and of 
any dimensions. — 


BASIC THEORY 
Since the gas within a chimney is 
ata higher temperature than the 
‘utrounding air, it is less dense and 
therefore a pressure difference ex- 
ss across the chimney wall at any 
Sven point. It is this difference in 


—, 
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pressure, or draft, which causes the 
upward flow of the heated gas in 
the chimney. In an ideal chimney 
(one in which there is no friction 
and no heat loss) the draft at the 
thimble wall will be (po-p:)gH. In 
actual practice such a condition 
could not exist and any calculation 
of actual or available draft must 
include an accounting of the fric- 
tion and heat losses. 

The loss of draft due to fric- 
tion stems from two sources, (1) 
viscous and dynamic losses along 
the length of the chimney and (2) 
dynamic losses created by the 
chimney entrance. The general 
equation for friction loss resulting 
from the flow of fluids in pipes is 


L Vv’ 
he = f{ — ae 
D 29 


In this expression f is a friction 
factor whose value depends on the 
relative roughness and diameter 
of the tube and the temperature, 
velocity and viscosity of the gas 
flowing. In the laminar region 





W. C. MOFFATT 


(Reynold’s Number less than 2300) 
the value of f is given by 


64 
Re 





i= 


For flows involving Reynold’s 
Numbers in excess of 2300, the 
value of f may be found from 
Moody’s friction chart' which illus- 
trates graphically the relationship 
between f, Re and e/d. 

Obviously the determination 
of an overall friction factor K for 
the chimney is complicated by the 
chimney entrance, so that the value 
of f determined from Moody’s 


1Exponent numerals refer to References. 





To the present, investigations of chimney performance 
have been largely of masonry chimneys of certain fixed 
sizes. Results gave performance which could be expected 
from a chimney of the same size and construction as the 
test chimney, but these results could not be extended 
readily to different types and sizes. Here is a discussion 
of the fundamentals of chimney performance from a 
theoretical viewpoint with substantiating data found 
from laboratory tests performed on aluminum chimneys. 
Empirical relations for the determination of friction 
loss in a chimney are presented and a general chimney 
performance equation is developed which may be applied 
to any chimney. The effects of inlet temperature, insula- 
tion, chimney height and infiltration on chimney effi- 
ciency are analyzed, and are justified by examination of 
the general performance equation. 
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Fig. 1 Layout of chimney test equipment 


chart must be augmented by an 
additional factor to account for the 
dynamic losses occurring in this 
region. Piggott? found that the 
total loss occurring in an elbow or 
tee could be assumed to be made 
up of 2 elements, in addition to 
ordinary pipe friction: (1) a mini- 
mum true bend loss for smooth 
pipe, depending only on r/d where 
r is the bend radius and d the pipe 
diameter; and (2) a turbulence loss 
due to roughness affected by the 
values of Re and e/d. The total 
friction loss for a chimney expressed 
in terms of velocity heads would 
therefore be given by an expression 


, 
r= Mi — 
d 


where 

M, N, x and z are constants to be de- 
termined experimentally. 

L = total length of chimney and thim- 
ble under consideration. 


+ N(f)* + f(L/D) 


In the aluminum chimneys, as 
in most actual chimneys, the en- 
trance to the vertical flue is sharp- 
edged and therefore the term r/d 
may be neglected. Thus the fric- 
tion loss in the chimney may be 
assumed to be a function of fric- 
tion alone and will take the form 


K = N(f)* + f(L/D) (1) 


The second important factor 
which reduces efficiency is heat 
loss. As the gas flows up the chim- 
ney, it loses heat to the chimney 
surface which in turn is cooled by 
the surrounding air. This results 
in a reduced mean chimney tem- 
perature and consequently a lower 
available draft. The rate of heat 
transfer from the hot gases to the 
chimney wall is dependent on the 
temperature difference between the 
gas and the wall, the area of chim- 
ney surface in contact with the gas 
and the inside film coefficient. The 
following expression’ has been 
found to yield acceptable values 
for the film coefficient: 
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Fig. 2 Isothermal friction factor K for 4-in. 
diam aluminum chimneys 








hid a i ria 
a == 6:083 —_—— 
k i” k 
where 
h, = inside film coefficient. 


d=chimney diameter. 
k= thermal conductivity of chim- 
ney gas. 


G==mass flow of gas per unit 
area. i 
y= absolute viscosity of chimney 


C, 0 tensile heat of chimney gas 
at constant pressure. 

For the aluminum chimneys 
used in the tests outlined in this 
work, the thermal resistance of the 
walls could be neglected, and the 
exterior surface, being reasonably 
shiny, could be assumed to be non- 
radiating. The only other factor af- 
fecting the overall heat transfer co- 
efficient U in addition to h, would 
therefore be the outside film co- 
efficient h,. It has been found* 
that for vertical heated flues, h, 
may be given by 


: die. c. 0.25 
d 


T, and T, = chimney surface and am- 
bient temperatures respectively. 


bh. == 6.29 ( 


where 


Thus it is possible, by inte- 
grating over the entire length of 
the chimney, to determine the heat 
loss from the chimney and from 
this, the chimney exit temperature. 
For actual chimneys, the calcula- 
tion of U would have to be modi- 
fied to account for the thermal re- 
sistance of the wall. 

Appendix A outlines the devel- 
opment of the basic equation de- 
scribing the performance of a chim- 
ney. This expression is 








D 
‘ApgH 
Apm Kpe.iVi 
Ap (: wri 24pgH ) 


where 


D/ApgH = an efficiency term relat 
ing actual draft D to ideal draft. 
Ap»/4p = a measure of efficieng 
drop due to heat loss. 
Kp,(V:)*/(2ApgH) = the pressur 
drop due to friction in the chin 
ney with isothermal flow. 
A plot of D/ApgH vs Kp,Vi/ 
2ApgH would therefore yield : 
straight line for isothermal flow’, 
the loss in efficiency due to friction 
being given by the vertical distance 
between the line D/ApgH = ll 
and the isothermal line. Further, 
the drop in efficiency due to heit 
loss is given by the distance be 
tween the actual efficiency and the 
isothermal line. 

Tests were carried out on the 
aluminum chimneys with a view 
to checking the theoretical equ 
tion, and noting the effects of a 
number of variables on chimnef 
performance. It was consi 
that if these effects could be & 
plained by the terms of the eff 
ciency equation, then this equatio 
could be assumed to apply to @ 
chimneys, provided suitable # 
counting was made of the alt 
roughness and heat transfer char 
acteristics of the chimney walls. 

One variable, infiltration, W 
not a factor in an ideal laboratot) 
chimney, was considered to be 
sufficient significance in 
chimneys to warrant tests to study 
its effect. No provision was 


* Such a plot shown as Fig. 4. 
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Fig. 3 Isothermal friction factor K for 6-in. 


diam aluminum chimneys 
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Fig. 4 Efficiency of an uninsulated 6-in. diam 


aluminum chimney with 2 different inlet 
temperatures (H/d = 15) 


Fig. 5 Efficiency of an uninsulated 4-in. diam 
aluminum chimney with 2 different inlet tem- 


peratures (H/d = 15) 





AO 
24eQH 


for the effects of leakage in the 
fundamental Equation (2) but this 
aspect of chimney performance is 
of practical interest and is treated 
in Appendix B. 


APPARATUS DESCRIBED 


fig. 1 shows the layout of test and 
measuring equipment. The air 
measuring station was located in a 
150-in. ID copper tube, with 42 
diam of tube length ahead of the 
measuring station to ensure fully 
developed velocity profiles. The air 


TABLE I—DIMENSIONS OF 
ALUMINUM CHIMNEYS TESTED 


4-In. 6-In. 
Dimensions Chimney Chimney 
e diameter, in. .... 3.90 5.86 
Fitometer ring to chim- 
Ney centre-line, ft .... 1.00 1.50 
base of chimney to 
thimble centre-line, ft 1.00 1.50 
Pietometer ring to transi- 
lh erit,in. 2.2... 8.0 12.0 
Tbe wall thickness, in. 0.056 0.068 


Height from thimble centre- 
line, # 3.90 4.87 5.85 6.83 7.80—5.86 7.32 


Height to diameter ratio 


SH/d 12 15 8 21 2412 15 
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Fig. 6 Efficiency of uninsulated 4-in. diam 
aluminum chimneys of various heights (inlet 
temperature = 420 F) 
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quantity was determined in the 
usual manner by running a 20- 
point Pitot tube traverse at various 
flow rates, from which a calibra- 
tion curve was plotted. Velocity 
pressures were measured on a 
micromanometer which could be 
read to 0.001-in. of water. 

The air was heated in an elec- 
tric furnace having accurately con- 
trollable electric heaters to maintain 
the air entering the chimney at the 
desired temperature. The heated 
air passed from the furnace into the 
test chimney. The draft was meas- 
ured at the piezometer ring as 
shown in Fig. 1; the draft gage 
was calibrated in position and had 
an accuracy of 0.001-in. of water. 

Temperature measurements 
were made using copper-constan- 
tan thermocouples located at the 
chimney inlet and chimney outlet. 
Room temperature was measured 
on a shielded mercury thermom- 
eter, barometric pressure was 
measured using a mercury barom- 
eter, and wet-bulb temperatures 





were found in the usual manner. 
Table I gives the dimensions of the 
aluminum chimneys used. 


TEST RESULTS 


K in the fundamental Equation (2) 
is a friction factor based on iso- 
thermal flow, defined as the head 
loss due to friction divided by the 
velocity head and depends only on 
Re for any given chimney. For the 
chimneys used in this work, K was 
determined experimentally with 
air flowing through the chimney 
isothermally at room temperature. 
The results of these tests for a 4- 
and a 6-in. diam chimney are 
shown graphically in Figs. 2 and 
3 respectively. 

The chimneys were then in- 
stalled as shown in Fig. 1 and 
tested, with Reynold’s Numbers at 
the piezometer ring ranging from 
approximately 1500 to 10,000. The 
velocity at the chimney inlet was 
varied from approximately 1.3 to 
8.0 fps and the inlet air tempera- 
tures ranged from 230 F to 450 F. 
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Effect of insulation on the efficiency of 
a 6-in. diam aluminum chimney (H/d = 15) 


Fig. 7 


Fig. 4 shows a typical performance 
curve of a chimney using the co- 
ordinate system as just outlined. 
The curves shown in Fig. 4 are for 
a 6-in. diam chimney with H/d = 
15 and no insulation. Fig. 5 shows 
the same set of performance curves 
for a 4-in. diam chimney. 

To illustrate the effect of vary- 
ing H/d ratios, both the 6- and 
4-in. chimneys were tested at var- 
ious chimney heights. Fig. 6 shows 
the result of varying H/d for a 
4-in. chimney with the inlet air 
density ratios p,/Ap maintained at 
1.51 (this density ratio corresponds 
to an inlet temperature of approxi- 
mately 420 F). 

While the aluminum chimneys 
used were essentially non-radiat- 
ing, the conduction and convec- 
tion heat transfer was relatively 
high. Realizing that a masonry 
chimney would have a lower heat 
loss than the aluminum chimneys 
used, it was decided to test both 
6-in. chimneys when covered with 
a l-in. layer of 85 percent mag- 
nesia insulation. The results of 
these tests are shown in Fig. 7, 
again for the 6-in. chimney with 
H/d = 15. The curves for the un- 
insulated chimney are shown as 
well to illustrate the difference in 
performance. Since the isothermal 
line represents the limit of effi- 
ciency attainable, it was decided 
that tests using a greater thickness 
of insulation would yield little ad- 
ditional information. 

Some additional tests with air 
leakage into the chimney were per- 
formed, the results of which are 
outlined in Appendix B. These 
tests were not extensive, rather 
they were brief runs to evaluate 
qualitatively the effect of air leak- 
age on efficiency. 
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RESULTS INTERPRETED 


Friction Factor K: The range of 
Reynold’s Numbers normally en- 
countered in chimneys lies be- 
tween 1500 and 10,000, thus strad- 
dling the zone of critical flow. The 
nature of the flow is therefore un- 
predictable, with the possibility of 
changes from laminar to turbulent 
and vice versa at some point along 
the length of the chimney. 

Since the Reynold’s Numbers 
are in the critical zone, the losses 
are both viscous and dynamic, and 
the value of K therefore varies. 
This is particularly true at the 
lower Reynold’s Numbers where 
viscous forces predominate, ren- 
dering impossible the assumption 
of a constant value of K. 

The values of K as determined 
were for the isothermal situation; 
in the actual chimney with heat 
loss the flow was not isothermal. 
For a constant weight flow it can 
be seen that Re will increase as 
the temperature decreases along 
the length of the chimney,..result- 
ing in a decreasing value of K. 
Obviously, it would be awkward 
to use a variable value for K, so 
that in this work, Re and hence K, 
were based on conditions at the 
chimney inlet. This is justified in 
most cases since the greater part 
of the loss due to friction takes 
place near the chimney entrance. 


Effect of Inlet Temperature: In 
Fig. 4 the line of 100 percent eff- 
ciency would apply to an ideal 
chimney, that is, one with no fric- 
tion loss and no heat transfer. The 
straight line marked Isothermal 
Flow would give the performance 
of a chimney having friction loss 
alone, while the actual perform- 








2 
2ae8F 
Fig. 8 Comparison of performance of ma- 


sonry and uninsulated aluminum chimneys 
with similar inlet temperatures and H/d ratios 


ance curves as plotted take care 
of both friction and heat loss. }t 
may be noticed that the actual 
performance curves approach the 
isothermal line at the higher values 
of Kp, V,7/2ApgH, indicating that 
the drop in efficiency due to heat 
loss decreases as the gas flow in- 
creases. The loss in efficiency due 
to friction, however, increases at 
such a rate as to cause an overall 
drop in efficiency with increasing 
flow. The changing of the density 
ratio p:/Ap from 1.5 to 3.3 has little 
effect on chimney efficiency. The 
density ratios of 1.51 and 3.30 cor- 
respond to chimney inlet tempera- 
tures of approximately 420 F and 
240 F respectively. 

Fig. 5 shows that the efficien- 
cies found for the 4-in. chimney 
are approximately the same 4 
those found for the 6-in. —_ 
of Fig. 4. The only significant dit 
ference between the results shown 
in the 2 figures is the relative posi- 
tion of the density ratio curves. In 
Fig. 4 the curve of p;/Ap = 33%s 
slightly above the curve of p:/dp 
= 1.51 whereas in Fig. 5 the oppo- 
site is true. Normally, it would be 
assumed that at a given value of 
Kp: V.2/2ApgH the efficiency would 
increase as inlet temperature de- 
creased due to a reduction in heat 
loss. On analysis of the effects of 
T:, Tn, Ap and Apm, it can be 
shown from Equation (2) that the 
change in efficiency is dependent 
on the manner in which T,, varies 
with respect to T,. Under certail 
conditions of T, and T,, it is pos 
sible that the efficiency will it 
crease with an increase in T1. 


Effect of Height: The height-to 
diameter ratio was varied from 
to 24 and once again as seen from 
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Fig. 6 there was little effect on the 
dficiency. It is interesting to note 
that in this figure (as well as in 


dficiency occurred at a Kp,V,?/ 
dspgH of approximately 0.1 in all 


cases. 


Effect of Insulation: Obviously the 
application of insulation to the 


chimney would decrease the heat 2. 


loss and raise the efficiency for any 
given value of Kp,V,°/24pgH. The 
extent to which the efficiency in- 
creased was of interest, however, 
and it was to this end that the tests 
on the insulated chimneys were 
performed. The 1-in. of 85 percent 
magnesia insulation was arbitrarily 
chosen, and would represent a 
greater insulation value than the 
normal masonry chimney. The 
dficiency of a masonry chimney 
of similar dimensions would there- 
fore be expected to fall between 
the 2 curves of Fig. 7 at any given 
value of Kp, V,?/ 2ApgH. 


CONCLUSIONS 


Main purpose of the tests on the 
aluminum chimneys was to verify 


the equations arrived at from theo- 4, 


Nomenclature 


Quantity 


specific heat at constant pressure. 
draft, 

diameter. 

mass flow rate per unit area. 
acceleration due to gravity. 
height (physical). 

heat transfer coefficient. 
inside surface film coefficient. 
fluid friction loss in pipe. 
thermal conductivity. 

total length (physical). 
pressure (absolute). 

radius of pipe elbow. 

density, density difference. 
temperature. 


temperature of chimney gas in an 
isothermal flow situation which 
would give the same chimney per- 
formance as in the actual case 
where the gas enters at 7; and 
leaves at 72. 


overall heat transfer coefficient. 
absolute viscosity. 

velocity. 

kinematic viscosity. 

experimental exponent constants. 
height (physical) above datum. 
experimental constant factors. 
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retical considerations. 
of the tests the following conclu- 
sions may be stated: 


Figs. 4, 5, 7 and 8) the maximum ,; 





As a result 


The general equation for chimney 
efficiency may be used to describe 
the performace of any chimney. 
The equation is: 


D Apm ( KpiV? 
cm + sow 
ApgH Ap 24pgH 


The friction drop in a chimney may 
be calculated provided the nature 
of the flow and the surface rough- 
ness inside the chimney are known. 
From Figs. 2 and 3 the following 
empirical equations may be found: 








L 
} oF (- + 52 f*™ for turbulent 


flow Re>3100 Se 


cof) +(2 Jem 


inar flow Re<3100 


The K as defined by these equations 
includes the loss at the tee connec- 
tion at the chimney entrance as 
is as the loss in the chimney it- 
self. 


. The effect of temperature on chim- 


ney performance is not readily pre- 
dictable. Generally, for chimneys 
with large H/d, increasing the 
centre-line chimney inlet tempera- 
ture will increase the efficiency. 

Increasing the H/d of a chimney 





Dimensions Dimensionless Groups 
H/MO® K = Euler's number = 
M/LT? isothermal friction 

L factor. 
, #€ = Darcy's friction 
M/TL’ 
2gdhe 
L/T° factor = ‘ 
L ly’ 
H/TV’O® Re = Reynold's Num- 
H/TL’O ber = dV/V. 
L e/d = relative roughness 
H/LTO of pipe. 
L Subscripts 
M/LT° 1 = _ chimney inlet. 
L 2 = _ chimney outlet. 
M/L m = mean. 
a o t= ambient. 
S = surface. 
6 
Dimensions 


The M LT © H system of 


dimensions was used in this 


paper. The symbols and 
H/TL°@ units are as follows: 
M/LT M = mass in pounds. 
L/T L += length in feet. 
LT T = time in seconds. 
re) 8 = temperature in 
Fahrenheit 
L degrees. 
oO H < heat in Btu. 


will normally reduce the efficiency, 
other conditions being equal. How- 
ever, the magnitude of the effi- 
ciency drop will depend to a large 
extent on the heat transfer charac- 
teristics of the chimney wall. 

5. In order to show how the test re- 
sults taken from a real chimney fit 
on the coordinate system used in 
this paper, Fig. 8 was plotted. The 
data of Achenbach and Cole‘ for a 
7-in. ID brick chimney, 15.5 ft high 
were plotted on the same graph as 
the test results from the 4-in. diam 
aluminum chimney with H/d = 24. 
The inlet temperature to the alumi- 
num chimney was approximately 
420 F, while the inlet temperature 
to the brick chimney was 600 F. 
Since the brick chimney had a 
slightly higher insulation value, it 
would be expected that the efficiency 
would be slightly above that for an 
aluminum chimney. The curves 


show the _ excellent correlation 
which was obtained. 
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APPENDIX A 


If it is first assumed that there is no 
heat loss between points 1 and 2 of 
the chimney (Fig. A-1), it is apparent 
from Bernoulli’s equation that 
SP, + VP, + Z, = SP;+ VP: + Z2:+ 
losses 
where 
SP and VP = static and velocity 
pressures respectively. 
Z = a height above a given datum. 
Now (Z:—Z,;) = H and since the 
flow is isothermal, VP; = VP:. 
Therefore, 
h, = h, + H + friction —_, 
where 
h, and h, = static pressures in feet 
of chimney gas at points 1 and 2, 
respectively. 
Expressing the friction losses as 
KV; 





, and converting to pressure 
29 
units, equation A-1 becomes 


1 


(hi—ha) ag = (AH + — ) 


Ag = P, — P; 44-2) 
Also, it is evident that 
P, = Ps+ pPo9H or Po — P: = pogH 
where 
P,. = ambient air pressure at the 
thimble level. 
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Therefore, — 
Po — Pi = (Po — pi) GH — Por 
(A-3) 


Now P. — P; represents the pres- 
sure difference between the ambient 
air at the thimble level and the pres- 
sure within the thimble at point 1. 
Hence it is the draft. 

Letting P. — P; = D, and p. — 
Pp: = Ap, and dividing by 4egH, Equa- 
tion A-3 becomes 

D Kp.V+ 


th ees 
ApgH 24pgH 

The term D/ApgH is an efficiency 

term, being the ratio of actual draft 
Kp.\V? 

to ideal draft, and — 
24pgH 

ure of the efficiency loss due to fric- 

tion. 

In order to modify Equation A-4 
to account for heat loss, it must first 
be assumed that 

Tm = T, — F(T: — T:), 
where 
F is a constant. Tm (with its corre- 
sponding pm) is the temperature of 
the gas in an isothermal flow situation 


(A-4) 








is a meas- 





tion consists of 


Fig. B-l Effi- , 
ciency of uninsu- 
lated 6-in. diam 
aluminum chim- 
ney with infiltra- 


tion at various 2 
heights (T, = 3° 
420 F, H/d = & 
15) 


Fig. A-1 Schematic diagram 
126 «= Of: a typical aluminum chim- 
ney showing location of in- 


T 

-—A cia 40 filtration stations (each sta- 
1.0 
al 


six %-in. 


r) 
© diam _ holes equally spaced 
around the chimney) 


which would give the same chimney 
performance as the actual case where 
the gas enters at temperature T, and 
leaves at temperature 7: For the 
purposes of the calculations carried 
out in conjunction with this work, F 
was assumed’ to be 0.65. This value 
for F was confirmed during the ex- 
perimental portion of the _ present 
work and from a paper dealing with 
tests performed on actual chimneys‘. 
It is felt that this value (F = 0.65) 
may be used with accuracy for any 
chimney; however, for chimneys above 
30 ft in height the value remains 
to be confirmed. 

If one defines Apm = po — Pm, it is 
apparent from the definition of Tn 
that for non-isothermal flow in a 
chimney 


D Kp,V? 
ApngH 24pgH 


D Apm ( KpiV? 
— 1 — 
ApgH Ap 24pgH 
APPENDIX B 


A short series of tests was performed 
on the 6-in. chimney, H/d = 15, to 
determine qualitatively the effects of 


















2 
2AegH 


Ko, V, 


infiltration air. For the purposes of 
these tests, 4 infiltration stations were 
incorporated (stations 3, 4, 5 and § 
in Fig. A-1), each consisting of six 
%-in. diam holes equally spaced 
around the chimney’s circumference, 
The chimney inlet air temperature 
was maintained at approximately 
420 F and draft and temperature 
measurements were made as for the 
normal draft tests. 


The results of the tests are shown 
in Fig. B-1. It is immediately appar. 
ent from the curves that the lower 
the point at which the leakage air 
was introduced, the greater was the 
resultant drop in efficiency. This 
effect is readily predictable and may 
be attributed to 2 factors, viz: 


1. The lower the infiltration station, 
the greater will be the draft at that 
point in the chimney, and conse 
quently, the weight of infiltration 
air flowing through the holes will 
be greater and the resultant dilv- 
tion of hot chimney gases with 
atmospheric air will be increased; 


2. Cold air introduced at the lower 
stations will tend to give a lower 
temperature throughout the entire 
height of the chimney, with 4 
greater reduction in efficiency than 
will the introduction of cold aif 
near the chimney exit, which will 
affect but a short portion of flue. 

These effects lead to the coneli- 
sion that infiltration of cold air wil 

result in a substantial reduction m 

efficiency, particularly if infiltration 

occurs near or at the thimble level. 
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15,000 Gallons a Day 
by Freezing Salt Water 
to Make Fresh 


Examining this model of a pilot plant for converting 
salt water to fresh, to be built by Carrier Corporation 
under a U, S. Interior Department contract, are Cloud 
Wampler, chairman of the board of Carrier; William 
Bynum, president, and Dr. J. F. Downie Smith, vice 
president of research and development. 

Dr. Smith points to the tank in which the 
seawater will be frozen, converting it to a slush of 
pure ice crystals and brine. The brine is removed and 
the ice then melted to obtain fresh water. Fabrication 
of parts for this pilot plant, designed to produce 
15,000 gallons a day, is already under way. 
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ive detrost methods 


for commercial refrigerators 





Commercial refrigerated display 
ad storage cabinets normally use 
one of five defrost methods: 
Condensing unit off permitting 
natural defrost 
Hot gas defrost 
Electric defrost 
Water defrost 
Other external heat source de- 
frost 
The refrigerators described 
here are used in modern super- 
markets to display and store perish- 
ables such as fresh meats, fresh 
vegetables, dairy products, frozen 
and ice cream. The display 
cases are of the open top type 
utilizing either a gravity air flow 
orforced air flow evaporator. The 
usual installation of this refrigera- 
tor includes a multiplicity of fix- 
lures connected to a single remote 
condensing unit. In other words, 
the most often seen application in- 
dudes several evaporators con- 
tected to one condensing unit. 
Te are many applications em- 
ploying a single refrigerator for 
each condensing unit. This single 
ase is either remotely connected 
bits unit or is self-contained with 
S own built-in unit. Storage re- 
ferators are of the walk-in or 
teach-in type. The former refrig- 
Wat, Rainwater ia Director of Engineering, 
Mitel as pany, Inc. This paper was pre- 
veda Defrosting Controls and Methods in 
letrigera. Refrigerators” at the Commercial 
jon Conference at the 45th Semi- 


fitual Meeting of ASRE in New Orleans 
Vtember 1-3, 1958. 
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erators have one or more evapora- 
tor coils of either the gravity air 
flow or forced air flow type. 

The temperature to be main- 
tained in the refrigerator is one of 
the most important factors to be 
considered in the design of a de- 
frost system. Ice cream display 
cases must operate with a fixture 
temperature between —10 F and 
—20 F. The refrigerant evaporates 
at a temperature of approximately 
—40 F under these conditions. 
Frozen food display refrigerators 
maintain a fixture temperature of 
0 to —10 F with an evaporator tem- 
perature of —30 to —35 F. Fresh 
red meat refrigerators operate with 


PSI (GAUGE)R-12 


EVAPORATOR PTESSURE 





a 28 to 32 F fixture temperature 
and an evaporator temperature of 
approximately 8 F. Fresh vegetable 
and dairy display cabinets require 
a temperature of 36 F to 42 F and 
an evaporator temperature of ap- 
proximately 12 F. 

The walk-in cooler or freezer 
must maintain a product area tem- 
perature range approximately the 
same as in display cases; however, 
the evaporating temperatures for 
walk-in evaporators are usually 
about 10 degrees higher than those 
for display cases due to a smaller 
temperature differential between 
the refrigerant and product area 
temperatures. In the design of an 
efficient defrost system another fac- 
tor to be considered, which is 
closely related to the fixture tem- 
perature, is the means for disposing 
of the drainage. Where the drain 
is subjected to temperatures well 
below 32 F, some’ means must be 
provided to heat the drainage sys- 
tem. 

Other factors of importance in 
the selection of the defrost method 
are the effect on the product during 
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pressure graph 
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Fig. 3 Hot gas defrost using a metering orifice 


the defrost period, sizing of the 
condensing unit, simplicity of the 
system and economy of the system. 
Certain products spoil if exposed 
to temperatures above their normal 
storage range for a _ prolonged 
period of time. Ice cream and 
frozen foods will thaw to an unsafe 
point when exposed to above 0 F 
temperatures for longer than one 
hour. Red meats begin to change to 
a dark color when exposed to tem- 
peratures above 36 F for longer 
than an hour and a half. Since some 
discoloration takes place during 
each defrost period, it is advan- 
tageous to have as few defrost 
periods in a day as possible. Milk 
stored for 48 hrs at 50 F has a bac- 
teria growth in excess of 150 times 
that for milk stored at 38 F for the 
same period of time, thus, frequent 
defrost periods of prolonged dura- 
tion are damaging to milk and 
other dairy products. Vegetables 
requiring less refrigeration than 
other products can endure higher 
than 38 to 42 F temperatures for 
long periods. 

During a defrost period heat 
is added to the air, product fixture 
walls, and evaporator metal; for 
this reason, the condensing unit 
must be sized to extract this heat 
as quickly as possible. Some defrost 
systems add more heat than others 
in melting the same quantity of 
frost. Numerous defrost periods per 
day require that the condensing 
unit extract this added heat load 
many times during the day. The 
most efficient defrost method is that 
which requires the least interrup- 
tion of the equipment operation. In 
reality, the defrost periods limit 
the capacity of the equipment as 
shown by the equation 


Cd 
Capacity of Equipment = —~—— Btu/hr. 
24-nt 
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Fig. 4 Hot gas defrost using a vapor pot 


Where Cd is the daily cooling de- 
mand of the system; n is the num- 
ber of defrost per day and t is the 
duration of each defrost in hours. 

Simplicity of the system is im- 

portant so that fewer installation 
and operating problems will arise. 
All factors must be carefully bal- 
anced to obtain an economically 
feasible system to give the desired 
results. 
Condensing unit off permitting 
natural defrost is perhaps the most 
simple since little apparatus is in- 
volved. In this method, the con- 
densing unit is simply permitted to 
remain off while the coil defrosts. 
Since there is no external heat 
added, other than that of the air 
surrounding the evaporator, this 
system is quite lengthy in the time 
required to melt the frost and as a 
result is limited to medium tem- 
perature (above 28 F) range fix- 
tures. 

Four ways to control this 
method are: Manual; suction pres- 
sure control (on each off cycle); 
time clock initiate and terminate; 
and time clock initiate and suction 
pressure terminate. 

The manual control is simply 
opening the switch to the compres- 
sor motor when the evaporator is 
iced and waiting for the frost to 
melt before closing the switch. A 
defrost period of approximately 3 
hrs is required every other day. 

The second means for control- 
ling defrost is by adjusting the suc- 
tion pressure control so that de- 
frosting takes place on each off 
cycle. This method is limited to 
refrigerators which can normally 
operate in the 38 to 42 F range. It 
is frequently used in vegetable and 
dairy refrigerators where the air 
through the evaporator is circulated 
by fans. A typical evaporator pres- 
sure graph is illustrated in Fig. 1. 


“D” represents the refrigeration 
cycle while “A”, “B”, and “C” repre- 
sent the off cycle. “A” is the period 
of time during which the ice, metal 
of evaporator and metal of walls 
surrounding evaporator are rising 
to a temperature of 32 F. “B” is the 
time representing the actual melt- 
ing of the ice. “C”, time in which 
the refrigerant is rising above 32 F, 
is a period of most importance in 
allowing the defrost water to drain 
clear of the fixture. 


“Off Cycle” defrosting has the 
advantage of allowing some cooling 
effect during the defrost period 
since the circulated air is flowing 
around melting ice. Another ad- 
vantage is that the coil, free of frost 
most of the time, can operate near 
its maximum designed capacity 
most of the time. Even should the 
heat load be such that no off time 
can be reached, the evaporator 
pressure will drop as the coil be- 
comes iced and will eventually drop 
to the pressure control cut-out point 
and allow an off cycle defrost 
period. 


One disadvantage is that where 
remote condensing units are used, 
an ambient at the condensing unit 
lower than the evaporator tempera- 
ture can cause the suction pressure 
to linger at a point below the pres- 
sure control cut-in point, keeping 
the compressor off for long periods 
of time during which the fixture 
temperature rises to an unsafe 
point. Many remote condensing 
units in the southern parts of the 
United States are installed outside 
and as a result during the winter 
months the ambient at the condens- 
ing unit is well below the evapor 
tor temperature. The solution 1 
this problem is to use a thermostat 
for controlling fixture temperature 
and a time clock for controlling the 
defrost. 
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Fig. 5 Hot gas defrost using a heat bank 


A similar disadvantage some- 
times encountered is where the re- 
frigerant lines from the fixture to 
the remote condensing unit are in- 
stalled in trenches or conduit with 
numerous other cold refrigerant 
suction lines, which prevent the 
suction pressure from rising to the 
required cut-in points. The use of 
atime clock is the solution in this 
instance also. 

The third and fourth means for 
controlling the defrost period both 
utilize time clocks. The time initi- 
ate and time terminate system 
merely requires that the time clock 
be wired to break the circuit to the 
condensing unit for a pre-deter- 
mined time. The duration of time 
is normally 45 min to 90 min for 
forced air evaporators as used in 
vegetable, dairy, and meat fixtures. 
A period 3 hrs or more is required 
for gravity air flow refrigerators. 

The time initiate and suction 
pressure terminate means of con- 
trol is similar to the straight time 
system except that the switching 
mechanism for controlling the 
power to the condensing unit is re- 
energized by the rise in suction 
pressure to a pre-determined set- 
ting. This setting should be ap- 
proximately 46 psi (gauge) for 
Refrigerant-12. The pressure ter- 
minate clock system has the defi- 
nite advantage of allowing a com- 
plete defrost each period regardless 
of the quantity of frost existing on 
coil and regardless of the time 
involved. Most pressure terminate 
‘ystems have a safety time limit to 
terminate the defrost period by 
time should the pressure not rise to 
u€ pre-set point. This safety time 
limit is usually adjustable. The 
Pressure terminate clock has the 
disadvantage listed for the suction 
Pressure “off cycle” defrosting 
where low temperature ambients 
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Fig. 6 Hot gas defrost using a re-evaporator 


are experienced at the condensing 
unit or suction lines. 

The time clock means for con- 
trol is most frequently used with 
meat and dairy refrigerators. A typi- 
cal suction pressure vs. time graph 
for time clock defrosting is shown 
in Fig. 2. This graph is representa- 
tive of a meat display system where 
from two to four defrost periods 
(A, B, C) are required per 24 hrs. 
Dairy and vegetable display refrig- 
erators have similar evaporator 
pressure characteristics and require 
approximately the same number of 
defrost periods per day. Walk-in 
coolers for meats, vegetables and 
dairy products have defrost suc- 
tion pressure characteristics similar 
to those shown in Fig. 2. Walk-in 
cooler evaporators usually require 
one or two defrost periods per day. 


Hot Gas Defrosting has many 
varieties all of which utilize a com- 
pressed vapor in the evaporator 
coil. Some systems utilize the lat- 
ent heat of condensation of this 
compressed vapor as a heat source 
whereas others use only the sensi- 
ble heat obtained from the highly 
super-heated compressed gas. 
Hot gas defrosting offers sev- 
eral advantages over other methods. 
Heat is added directly to the 
evaporator coils without depending 
upon external sprays or air delivery 
of the heat. By applying the heat 
internally, a rapid defrost is ob- 
tainable. The ice sometimes be- 
comes loose and falls off the coils 
before complete melting is re- 
quired. To accomplish this rapid 
defrost, adequate drain heaters 
must be designed using the hot gas 
itself or electric heaters. Hot gas 
defrosting offers an inexpensive 
source of heat as compared to 
methods using other heat sources. 
This method has several weak- 


nesses that have more or less been 
overcome by manufacturers. The 
simple hot gas system merely al- 
lows the discharge gas from the 
compressor to by-pass the con- 
denser through a solenoid valve 
and then flow directly into the 
evaporator coil with no metering 
or controlling devices in between. 
This simple system depends upon 
the compressed vapor to be con- 
densed in the evaporator. 

As the defrosting progresses 
the hot gas condenses in the evapo- 
rator with some remaining in the 
evaporator as a liquid while some 
goes back to the compressor to be 
re-circulated as a compressed vapor 
with the heat of compression add- 
ed. As time progresses more liquid 
remains in the coil with less re- 
frigerant being returned to the 
compressor. Since the heat source 
is obtained from the circulated re- 
frigerant, the systems gradually 
tend to run out of heat. 

Another weakness is that this 
system depends upon high ambient 
temperatures and high condenser 
pressures. When the condenser 
pressure is low the discharge gas 
from the compressor enters the 
condenser rather than the evapora- 
tor, causing an extremely low con- 
densing pressure during the defrost 
which can correspond to a temper- 
ature near 32 F, resulting in little 
or no heat transfer from the refrig- 
erant to the frost on the evaporator. 

Danger of refrigerant liquid 
slug backs to the compressor is an- 
other disadvantage of this system. 
This liquid slug back is especially 
harmful just after a defrost period. 

With reference to supermarket 
refrigerators, hot gas defrosting 
presents a more complex system 
with added refrigerant lines and 
controls to be installed in the field 
and as a result this method of de- 
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frosting is used chiefly on walk-in 
freezer evaporators and on self-con- 
tained frozen food display cabinets. 
As many as six remote refrigerated 
display cases are sometimes con- 
nected to one compressor which 
prohibits an economical use of a 
hot gas system. 

There are several walk-in 
freezer evaporators available today 
using variations of hot gas defrost- 
ing which have overcome most of 
the disadvantages as mentioned 
above. (Figs. 3, 4, 5 and 6.) 

The system shown schemati- 
cally in Fig. 3 uses a metering ori- 
fice where the hot gas enters into 
the evaporator coil as an adiabatic 
(isothermal) expansion takes place. 
This orifice is sized to create a 
pressure in the evaporator lower 
than the condensing temperature 
of the refrigerant; as a result, the 
highly superheated vapor does not 
condense but gives up sensible heat 
to the frosted evaporator coil. Since 
condensation does not take place, 
the problem of liquid refrigerant 
slug back is overcome. The orifice 
also serves to hold the suction pres- 
sure below an excessive amount. 

Controls for this system in- 
clude a time clock which accom- 
plishes three periods of time during 
each complete defrost period. The 
first interval (usually 2 to 3 min) 
starts the compressor and stops the 
evaporator fans to assure an ade- 
quate supply of hot gas. During the 
second period, the clock opens the 
hot gas line solenoid valve and 
energizes the electric drain pan 
heater. This period is usually 5 to 
10 min and occurs approximately 
4 times per day. The last period is 
a delay period during which the 
hot gas solenoid valve opens and 
evaporator fans remain stopped to 
allow water to drip from the coil 
surface and to allow the evaporator 
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to reach a lower temperature be- 
fore resuming air circulation. This 
period requires a setting of 3 min. 

Fig. 4 shows a hot gas system 
using a vapor pot. This system uses 
an accumulator in the suction line 
to trap the liquid refrigerant and, 
by means of a bleed tube, allows 
small amounts of liquid refrigerant 
to flow back to the compressor 
along with the suction gas. The 
bleed tube is sized to overcome the 
liquid refrigerant slug back disad- 
vantage but allows enough to pass 
to pick up the latent heat of vapo- 
rization in compression. This latent 
heat of vaporization is the source 
of heat utilized to melt the evapora- 
tor frost. 

The accumulator or vapor pot 
has a built-in heat exchanger which 
is incidental and, although helpful 
during the refrigeration cycle, of- 
fers no help to the defrost process. 
It is controlled by a time clock 
which must have a_ switching 
mechanism designed to open the 
hot gas solenoid valve, stop the 
evaporator fans and start the com- 
pressor. (Fig. 3.) Defrost period is 
terminated either by the timer or, 
as is done sometimes, by a thermo- 
stat which measures the tempera- 
ture of the evaporator and at a pre- 
set point energizes a solenoid coil 
in the time clock which mechani- 
cally reverses the switching mech- 
anism to the refrigeration cycle. 

The heat bank method of util- 
izing hot gas as a defrosting means, 
schematically depicted in Fig. 5, 
actually uses a re-evaporator coil 
immersed in an insulated tank of 
water (heat bank). The re-evapora- 
tor overcomes the refrigerant liquid 
slug back problem. The unusual 
feature of the heat bank principle 
is that a heating coil from the dis- 
charge line of the compressor also 
immersed in the tank of water 
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builds up heat and stores it during 
the refrigeration cycle. 

This heating coil also serves 
to prevent flood back during the 
refrigeration cycle by warming the 
suction gases in the re-evaporator, 
The heating coil is provided witha 
by-pass which allows the discharge 
gas to go directly to the condenser 
during the refrigeration cycle as the 
temperature rises in the heat bank 
During the defrost period the hot 
gas flows to the solenoid valve 
through the frosted evaporator coil, 
and then through the heat bank 
re-evaporator where heat is picked 
up from the hot water. The heat 
bank is designed with a hold back 
valve which maintains a low sue. 
tion pressure in the re-evaporator 
and is set low enough to actually 
freeze the water. This allows the 
gas to not only pick up sensible 
heat but to pick up the latent heat 
of fusion given up by the freezing 
water. This method provides a con- 
tinuous heat source not dependent 
upon the ambient air temperatures 
or condensing pressures. It also 
serves to hold the suction pressure 
below an excessive amount. 

The electrical controls for the 
heat bank system are similar to 
the other systems discussed in that 
a timer must assure that the com- 
pressor is running, stop the evapo- 
rator fans, and open the hot gas 
solenoid valve. Normal defrosting 
with this system requires 3 periods 
of 10 min each which includes a 
3 min drainage period. 

The system shown in Fig. 6 
employs an unusual re-evaporator 
since it is an inner tube within the 
evaporator coiling. During defrost 
the hot gas solenoid valve opens to 
allow the compressed vapor to flow 
through this inner tube, which acts 
as a condenser. The heat of con 
densation originally derived from 
the heat of compression is the 
source of heat used to melt the 
frost. The liquid and vapor then 
flow through the check valve and 
constant pressure valve which acts 
as an automatic expansion valve to 
maintain a refrigerant temperature 
above 32 F and yet introduce 
enough pressure drop to cause any 
condensed liquid to gasify before 
leaving the coil. The refrigerant 
flowing from the constant pressute 
valve passes into the evaporatot 
which serves as a re-evaporatot. 
The actual heat used for defrosting 
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the coil is the heat of compression 
of the compressor. This system is 
controlled with a time clock as are 
the other systems. 

Still another system is a re- 
verse cycle defrost method whereby 
4 four-way solenoid valve actually 
reverses the flow of refrigerant dur- 
ing defrost to let the condenser 
serve as an evaporator while the 
evaporator acts as a condenser us- 
ing the melting ice as a cooling 
means. 

Summarizing the hot gas sys- 
tems with their specific application 
to supermarket refrigerators, it has 
been established that while this 
method of defrosting is a good one 
for use on walk-in evaporators, it 
is too costly for use on remote dis- 
play cases. The systems depicted 
in Figs. 3, 4 and 6 are the simplest 
types and overcome some of the 
disadvantages mentioned for the 
basic hot gas system. The system 
shown in Fig. 5 while overcoming 
more of the disadvantages is more 
complex in structure as well as in 
installation. 


Electric Defrost, like the hot gas 
system, is especially applicable to 
low temperature refrigerators al- 
though it is frequently used in meat 
and dairy refrigerators to give a 
rapid defrost period. Electric de- 
frost systems in most instances have 
heat applied externally as com- 
pared with hot gas systems where 
the heat is applied internally. Be- 
cause of this factor and because of 
the limitations on the amount of 
electrical heat that can be applied 
safely, the electric defrost requires 
a longer interval, usually 1% or 
more times that of hot gas defrost 
systems. However, systems have 
been developed which apply elec- 
tic heat from within, similar to the 
hot gas system shown in Fig. 6, 
0 give rapid defrost. 

In any defrost system the 
quantity of heat required can be 
stated as 


Qa = Hr + Ha, + Hs, where 


Qi is the total quantity of heat re- 
quired; Hy is the heat necessary to 
melt the frost; H, is the heat lost 
to the air; and Hs is the heat neces- 
Say to warm the coil surfaces and 
Walls to at least 34 F. 

Considering first Hy, the heat 
lecessary to melt the frost is in 
direct proportion to the weight of 
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Fig. 7 Cross section of typi- 
cal self-service freezer using 
electric defrost 


frost and its temperature at the 
time defrost is instigated. A given 
volume of frost does not always 
contain the same weight in water. A 
comparatively light frost load at 
20 F to 25 F would be consider- 
ably heavier than the same volume 
of frost at —20 F or —30 F. For an 
ice cream display fixture with frost 
at —40 F at the time defrost is in- 
stigated, Hy can be calculated to be 
198 Btu required to melt 1 Ib of 
frost and raise its temperature to 
50 F as it drips from the drain. It 
is good practice to allow as a rule 
of thumb 200 Btu/Ib of frost to be 
melted for all evaporators, both 
low and high temperature, as this 
allows a factor of safety and is an 
aid in the ever important post 
defrost drainage period. The exact 
weight of frost is a variable depend- 
ing upon the conditions at which 
the evaporator is operating. 

Approximate weights of frost 
for any given refrigerator operat- 
ing under normal conditions can 
be obtained experimentally in the 
laboratory. Under normal operat- 
ing conditions it has been deter- 
mined experimentally that a typical 
12 ft frozen food open top display 
cabinet employing a finned evapo- 
rator coil with forced air circula- 
tion will collect from 1 to 2 Ib of 
frost per day. A similar display case 
for fresh meats would collect from 
3 to 5 lb of frost per day whereas a 
similar forced air type dairy re- 
frigerator would collect from 5 to 
7 lb of frost. Under abnormal con- 
ditions, where the circulated air is 
constantly disturbed by store drafts 
and external air, these weights can 
increase as much as 100%. 

The heat lost to the air, H,, is 
a variable depending upon the 
length of time necessary to accom- 
plish defrost and the difference in 


the temperature of the air blowing 
over the melting ice and the cold 
wall and product surfaces that it 
can see. Air having a specific heat 
of .0192 Btu/cu ft/OF will pick 
up 19.2 Btu/min for 1000 cfm cir- 
culated per degree rise in tempera- 
ture. As the air rises to a tem- 
perature above that of the product 
and walls, it will lose the same 19.2 
Btu/min for each 1000 cfm for each 
degree it drops in temperature as 
it flows over the colder product. 
Thus, the air returning to the 
evaporator during defrost can 
reach a point where it is colder 
than the air leaving the evaporator. 
The heat lost to the air depends 
upon so many variables that it is 
difficult to calculate its exact value. 
However, the values of Hp and Hs 
can be calculated and then arriving 
at a total defrost Q, experimentally 
in the laboratory, the value for H, 
can be isolated. For a 12 ft open 
self-service frozen food fixture 
which depends on the fans running 
during defrost to transfer the de- 
frost heat to the coil surfaces, a 
value for Hy would be approxi- 
mately 4250 Btu for a 25 min de- 
frost period. The shorter the de- 
frost, the less heat is lost to the air. 
A good design for an electric de- 
frost system is one where the air 
is stopped from flowing through 
the evaporator by means of auto- 
matic vanes or hoods to trap the 
hot air. 

Where the air is not flowing, 
other means must be provided for 
transferring the electric heat to the 
frost. This can be accomplished by 
inserting the heaters in the evapo- 
rator coil. However, this compli- 
cates manufacturing and field ser- 
vicing problems and, as a result, in 
long length evaporators, it is usually 
best to utilize the flowing air as a 
heat transfer agent. Tests demon- 
strate that since the flowing air 
provides a good heat exchanger 
vehicle, the duration of defrost is 
about the same as other direct con- 
tact methods, except for systems 
where the heating elements are 
physically in the refrigerant of the 
evaporator. 

The heat, Hs, absorbed by the 
coil and wall surfaces is in direct 
proportion to the weight of these 
surfaces and the total number of 
degrees that the metal must warm 
up. Using the specific heat for 

(Continued on page 124) 
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Automatic computer 


for fan testing 


Normally, fans are specified and 
purchased in accordance with 
standard fan test codes? which 
have the approval of technical 
societies and fan manufacturers. 
These codes define properly fan 
characteristics and establish pro- 
cedures for determining accurately 
fan performance, thus assuring ac- 
curate information for the design 
of equipment and air-handling sys- 
tems. 

The simplest method, which 
uses the conventional Pitot tube, 
requires a minimum of 160 pres- 
sure and power readings, and thus 
draws heavily on the budgeted 
time of a development laboratory. 
In design studies, which are fre- 
quently of a cut-and-try nature, 
progress is limited severely. Fur- 
thermore, test time cannot be re- 
duced simply by making fewer de- 
terminations, because of the re- 
sulting loss in accuracy. Other 
methods, involving nozzles or ori- 
fices, are therefore often used for 
fan appraisal in the laboratory and 
prove to be sound and efficient 
tools. This discussion covers such 
a method which has been extended 
successfully to include rapid auto- 
matic computation and machine 
plotting of the fan performance 
curves with a high degree of ac- 
curacy. 

Fig. 1 is a general view of the 
test chamber showing the blower 
mounting table and constant speed 
drive on the left and duct work 
running up to 2 exhaust blowers 
on the laboratory roof. Mechani- 
cal design is based on chamber 
specifications given in Plate XXI 
of Reference 3. All electrical and 
pressure measurements are ducted 
to the instrument console (shown 
in Fig. 2) from which speed, noz- 





1Exponent numerals refer to References. 


C. H. Pountney, Jr. is Director of Research 
and D. W. Skipworth is Senior Research 
Engineer, Viking Air Products Div, 
National-U.S. Radiator Corp. This paper 
has been prepared for presentation at an 
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zle selection, and system resist- 
ances are controlled. Nozzles of 5, 
6, and 8 in. are used individually 
or in combination for flow meas- 
urements. When not in use the noz- 
zles are sealed by inflating basket- 
ball type bladders in the nozzle 
throat. These bladders are mounted 
on air supply tubing and can be 
inserted or retracted from the noz- 
zle, and inflated or deflated re- 
motely from the console. 


SPEED CONTROL 
AND MEASUREMENT 


For test purposes, fans are mounted 
on the chamber as shown in Fig. 3. 
The mounting table is positioned 
by an electrical drive and the fan 
is connected with flexible couplings 
through the torquemeter (strain 
gage transducer) to the constant 
speed drive as shown. The shaft 
coupled to the blower on the right 
is connected to the tachometer 
pickup which is wired directly to 
the rpm indicator located at the 
instrument console (Fig. 2) giving 
continuous speed readings. In this 
way, speed may be maintained 
within + 1 rpm of any desired 
setting. Since the tachometer is on 
the driven side of the torquemeter, 
the torque used to drive it is not 
measured. Where physical contact 
is not possible with the rotating 
blade, such as in axial fans, speed 
is measured by interrupting a light 
beam to a photocell. This signal 
also appears on the speed indica- 
tor. Throughout all tests the speed 
is maintained constant to + 1 rpm. 


POWER CONSUMPTION 


Shaft horsepower at a given speed 
is determined by measuring the 
torque input to the fan. This is 
done with the 0- to 200-in.-lb 
torquemeter shown mounted be- 
tween the fan and the constant 
speed drive in Fig. 3. The output 
of the torquemeter in millivolt 
varies directly as the torque and 
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thus at constant rpm _ the shaft 
horsepower does also. Since these 
tests are run at constant speed, the 
output of the torquemeter may be 
fed through a “weighting” net- 
work to one of the 2 pens of the 
function plotter to indicate shaft 
horsepower directly. This network 
is a simple voltage divider which 
is adjusted for different test speeds 
and desired horsepower ranges. 
The following illustrates the pro- 
cedure to establish a 1.0 hp full- 
scale reading. At 1.0 shaft horse- 
power, Fig. 4 shows the torque 
meter output to be 13.7 millivolt at 
850 rpm. Since 5 millivolt will de- 
flect the shaft horsepower record: 
ing pen of the function plotter to 
full scale, the output of the torque 
meter must be reduced to 5/137 
to establish the 0 to 1.0 hp scale. 
In addition this signal may be fur 
ther modified to correct the data 
to standard air conditions by mult 
plying this by the ratio of stand- 
ard to ambient air density. 

final ratio is then set up by adjust 
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ing the dial of the corresponding 
voltage divider. 

In testing direct drive fans, 
watt input to the fan motor is 
measured with a thermal converter 
which produces a de millivoltage 
proportional to watt input. This 
signal is also modified with the 
voltage divider network to obtain 
the desired span on the function 


plotter. 


STATIC PRESSURE 


A static pressure tap connects the 
test chamber with a manometer 
and a 0- to 0.2-psi differential 
strain gage transducer in the instru- 
ment console as shown diagram- 
matically in Fig. 5. Both zero and 
standardizing controls are pro- 
vided for this measuring circuit 
making it possible to adjust the 
static pressure channel in the func- 
tion plotter to any desired span. 
The unit is standardized by intro- 
ducing a simulated pressure to the 
transducer and adjusting the pen 
to the proper setting. In the pres- 
ent setup a calibrated resistance is 
applied to the static pressure trans- 
ducer bridge to simulate 1.8 in. of 
water pressure differential. Thus, 
if it were desired that the full scale 
defection (0 to 10) be equivalent 
to 2.5 in. of water, the pointer 
would be set, by adjustment to the 
bridge, at 1.8/2.5 X 10 = 7.2 on 
the scale. Data correction to stand- 


Fig. 2 


Fig. 1 Fan test chamber with blower 
mounting table and constant speed drive 
at the left and duct work running to 
exhaust blower on the right 
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Instrument and control console. 
The 2-pen function plotter is in the 
upper left of the console 





ard air is made by multiplying the 
standard setting by the ratio of 
standard to ambient air densities. 


AIR FLOW 


Pressure differentials across the 
nozzles are also detected with a 0- 
to 0.2-psi strain gage transducer. 
However, because flow through the 
nozzle is proportional to the square 
root of pressure differential, it is 
necessary to extract the square root 
of the signal given by the strain 
gage. This is accomplished elec- 
tronically with a square root ex- 
tracting circuit. In addition, be- 
cause there are 7 possible nozzle 
combinations with the 5-, 6-, and 
8-in. nozzles, it is necessary to fur- 
ther modify the output of the 
square root extractor to compen- 
sate for each combination. This is 
done by placing the output of the 
square-root-taking circuit across a 
voltage-dividing network which has 


With this apparatus complete fan performance determina- 
tions are made in 20 min instead of the approximate 4 
hr normally required for test and calculations. Perform- 
ance at any desired speed is plotted automatically over 
the entire operating span of a fan in terms of brake 
horsepower or watt input, static pressure, and flow. Data 
are reproducible within + 1 percent, and are within 
+ 3 percent of data obtained in conventional chambers. 





successive steps proportional to 
each nozzle constant. Table I 
shows the manner in which this is 
arranged. 


TABLE I—VALUES OF STEPPING 
RESISTORS IN NOZZLE SELEC- 
TOR CIRCUIT 


Nozzle Combinations 
Diam. in. 


Resistance, 
Ohms 
540.5 
778.3 
1318.8 
1383.7 
5 1924.2 
4 2162.0 
5,6&8 2702.5 
Circuit parameters, such as 
the transducer and potentiometer 
constants, are compensated for in 
the process of standardizing this 
circuit for the desired flow span. As 
in the static pressure circuit, a cali- 
brated resistor placed across the 
transducer bridge simulates a dif- 
ferential pressure by which stand- 
ardization of the selected nozzle 
combination can be achieved. Set 


ul 
R° Qe CoO ROO WI 
© 


o 





67 











up in this manner the signal, which 
now represents cfm at standard 
conditions, actuates the drive of 
the chart paper in the function 
plotter. 


COMPUTER TEST CHAMBER 
Approximately 15 min is needed to 
mount a conventional fan on the 
test chamber. The fan mounting 
table is electrically controlled for 
rapid alignment with the variable 
speed drive and torquemeter. Sys- 
tem resistance is controlled through 
a hydraulically actuated damper 
which modifies the flow of air from 
2 exhaust blowers mounted on the 
laboratory roof at the end of the 
duct shown in Fig. 1. Nozzle selec- 
tion made at the console is based 
on the size of unit being tested. 
Normally, one nozzle is sufficient 
to cover the entire normal operat- 
ing span of a fan. If, however, ac- 
curate data at lower rates can only 
be obtained by changing nozzles 
during the test, this may be accom- 
plished in approximately 2 min. 
Because the smallest nozzle pres- 
ently used is 5 in., performance 
below 300 cfm cannot be obtained 
with sufficient accuracy except for 
static pressure at no delivery. 
Using all nozzles simultaneously 
a flow of 5000 cfm can be accu- 
rately measured. 




















Fig. 5 
mentation used in computing 
fan performance 


tachometer is 


Complete test time is approxi- 
mately 1 to 2 min at one constant 
speed. Similar determinations at 
other speeds can each be made in 
1 to 2 additional min. Fan perform- 
ance tables can thus quickly be 
determined without lengthy calcu- 
lation, because it is less time con- 
suming to run a test at various 
speeds than to compute perform- 
ance. 


PERFORMANCE EVALUATED 
Fig. 6 shows the performance 
curve of a 10-in. forward-curved 
fan as traced out by the function 
plotter. The rapid fluctuation which 
appears throughout the major por- 
tion of the curve represents actual 
fluctuations of flow conditions en- 
countered throughout the range of 
performance. In transposing this 
curve to a master for reproduction 
only the mean value of amplitude 
is used. 

The probable percentage of 
error introduced by the instrumen- 
tation is less than 2 percent. As a 
means, however, of verifying the 
accuracy of this equipment, re- 
sults obtained with this chamber 
are compared with results obtained 
with the same fan in Plate V* test 
setup at this laboratory and at the 
Texas Engineering Experiment Sta- 
tion, College Station, Texas. Re- 


Diagram of instru- 


F Transducer 
A Tachometer G Power supply 
B Torquemeter 
C Manometer 
D Speed indicator 


E Manometer L Power supply 


H Square root extractor 
J Nozzle compensator 
K Function plotter 





Fig. 3 Fan, as mounted on 
the chamber, is covpled 
through the torquemcier to 
the constant speed drive. The 
attached on 
the driven side of the shaft 
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Fig. 4 Variation in torque- 
meter bridge millivoltage 
output with shaft horsepower 


sults of all 3 of these determina- 
tions are given in Fig. 7 which 
shows extremely close agreement 
between the static pressure vs flow 
curves. Differences between the 
brake horsepower curves exist be- 
cause measurements made in this 
equipment do not include the belt 
friction which is the case when 
calibrated motors are used to de 
termine power consumption. 
For rating purposes, trans- 
ducer readings are checked with 
manometers calibrated and _posi- 
tioned according to Plate XXI of 
Reference 3 and the new proposed 
Air Moving and Conditioning As- 
sociation Fan Test Code. In addi- 
tion the method can be applied to 
a fan with an outlet duct. In this 
case fan performance must be e* 
tablished on a_point-by-point de- 
termination because duct friction 


M Thermal converter 

N Transducer 

P Static pressure signal 
R Power supply ‘ 

S Shaft horsepower signal 
T Air flow signal 

W Watts input signal 
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Fig. 6 Tracing of fan performance 
obtained with the automatic computer 


loss can be considered only at spe- 
cific flow rates in the automatic 
calculations. 

Several months’ experience in- 
dicates that with routine mainte- 
nance, reliable and trouble-free op- 
eration is obtained with this instru- 
mentation. The equipment has 
already proved to be a valuable 
tool for developmental studies and 
is being introduced as a means of 
quality control in practical fan pro- 
duction. 

Dr. Joseph L. Hunter, professor 


of physics, John Carroll University, 
was consultant on this project and 
designed the nozzle selector cir- 
cuitry making it possible to build 
this instrumentation around a 
chamber design which is currently 
in use in many laboratories. 
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Fig. 7 Comparison of per- 
formance of a single 10-in. 
fan obtained with the auto- 
matic computer, a conven- 
tional Plate V chamber and 
a Plate V test conducted at 


Texas Engineering Experi- 
ment Station, College Sta- 
tion, Tex. 


3. Standard Code for Testing Centrifugal, 
Axial and Propeller Fans (Having Wheels 
Less Than 12 in Diameters) (National 
Association of Pan Manufacturers, NAFM 
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tin No. 110) op. cit. p. 21. 





REFRIGERATING PIONEERS REMEMBERED 


Francis V. De Coppett, 


Authorized by ASRE Other American David Livingston Hol- 
Council, three bronze pioneers, listed on a den, Oliver Evans, 
plaques have been group plaque are: John Henry Peyton How- 
completed honoring B. Beath, David Boyle, ard, M.D., Thaddeus 


pioneers in the field of 
refrigeration and re- 
frigerating equipment. 
These plaques will be 
mounted in the present 
uptown New York 
office of the American 3 
Society of Heating, - | ie 
Refrigerating and Air 
Conditioning Engi- 
neers, later to be 
moved to the new 
headquarters of 
ASHRAE in the Engi- 
neering Center. 

John Gorrie, M.D. 
cited for his creation 
of the first commercial 
refrigeration and air 


conditioning design 
and machine—in 1844. 
Alexander Twin- 


ing, L.L.D., is recog- 
nized for his work as a 
designer, inventor and 
builder of refrigerating 
machines—1856. 
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S. C. Lowe, J. Andrew 
Muhl, Jacob Perkins, 
Thomas L. Rankin, H.D. 
Stratton and Charles 
Zilker. 
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ASHAE holds pre-merger meetin 


Attended by more than 2800 members and guests 
the 65th Annual Meeting of the American Society 
of Heating and Air-Conditioning Engineers was a 
distinguished affair — for the spirit of the occasion 
as reflected in the demonstrated interest and activi- 
ties of those present, for the depth and character 
of the technical and symposium sessions and for 
the concurrence of the 14th International Heating 
and Air Conditioning Exposition. Registration at 
the show, where 470 exhibitors participated, was 
reported as 20,699. 

Social highlight of the meeting was the 65th 
Annual Banquet addressed by Dr. Eric A. Walker, 
president, Pennsylvania State University, who dis- 
cussed “The Morning After for Education.” Hon- 
orary presentations were made to Professor Con- 
stantin P. Yaglou of Harvard University who re- 
ceived the F. Paul Anderson Medal for outstanding 
work on environmental relationships in the field 
of heating, ventilating and air conditioning and to 
retiring President Elmer Queer. 

At the banquet, new officers were installed: 
President Arthur J. Hess, First Vice President 
Walter A. Grant, Second Vice President John Ever- 
etts, Jr., and Treasurer John H. Fox whose terms 
of office were less than 11 hours. 

Indeed, it was at 9:30 A.M. Thursday, January 
29, that the American Society of Heating, Refrig- 
erating and Air-Conditioning Engineers, Inc., be- 
came the consolidated Society of both constituent 
Societies. Formal papers approved by the Depart- 
ment of Education, the Attorney-General, the 
Supreme Court and finally by the Secretary of State 
of the state of New York completed all legal re- 
quirements and procedures for the institution of 
ASHRAE. 

Dr. Thomas Bedford, London School of Hy- 
giene and Tropical Medicine, opened the topical 
session on comfort with a discussion of research 
on heating and ventilation as it relates to human 
comfort. He emphasized that a globe thermometer 
is an effective index of warmth because it is 
affected by radiation; that skin temperature is of 
questionable value as an index of comfort. An 
optimum temperature for a group of people can 
be arrived at by studying the thermal comfort of 
the individuals. It is desirable that thermal con- 
ditions be controlled within fairly narrow limits. 

Maintaining a desired effective temperature 
does not mean that the environment will be pleas- 
ant. Other factors which must be considered are: 
distribution of heat, air movement, humidity, tem- 
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perature of walls and gradients of air temperature, 

Dr. Nello Pace, University of California, te- 
ported upon evaluations made while subjects per- 
formed various activities under controlled tem. 
perature conditions and under heavy burdens of 
emotional and physical stress. 

The opening phase of studies in the former 
ASHAE Research Laboratory Environment Room 
to reevaluate the Comfort Zone was reported by 
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President Elmer Queer opened the first ses- 
sion where the reports of the President, Treas- 
urer and the Council were submitted. There 
followed a Topical Session on Comfort 


Thomas Bedford Metabolic patterns 
cited progress in in stressful envi- 
heating and venti- ronments were the 
lating as related to subject of Nello 
human factors Pace 
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President-for-11hours—Arthur J. Hess com- 
pletes ASHAE-ASRE consolidation and Cecil 
Boling becomes the first president of suc- 
cessor organization, the American Society of 
Heating, Refrigerating and Air-Conditioning 
Engineers, Inc. 14th International Heating 
and Air Conditioning Exposition was concur- 


rent feature. 





First Vice President 
A. J. Hess called 
the second session 
to order with the 
report of the Com- 
mittee on Research 
as the first order 
of business 


Low frequency 
combustion noise 
in oil burners was 
the topic of G. J. 
Sanders whose co- 
author was W. E. 
Lawrie 
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C. F. Speich re- 
viewed pulsations 
in gas-fired resi- 
dential heating 
equipment in col- 
laboration with 
A. A. Putnam 


Importance of 
properly locating 
supply outlets for 
basement heating 
was emphasized by 
J. R. Wright 
(speaking) and D. 
R. Bahnfleth 





-it was the 65th Annual, in Philadelphia 


Burgess Jennings, Director of the Laboratory, in 
collaboration with Baruch Givoni. These studies 
were conducted in the temperature range above 
the Comfort Zone (80 to 105 F) with subjects in 
sedentary and active positions under varying de- 
grees of high and low humidity. 

J. R. Wright and D. R. Bahnfleth of the Uni- 
versity of Illinois, at another session, discussed the 
results of an investigation to determine the effect 
of supply outlet location in a basement room on 
air temperature variation, floor-surface tempera- 
tures, room-air velocities and fuel consumption 
and to determine the cyclical variation of basement- 
air temperature in a system in which the thermo- 
stat was located on the first story. Ceiling diffusers, 
warm-air perimeter diffusers and low inside wall 
registers were studied. 

Outlets with vertical discharge at the outside 
wall provided the highest level of comfort, pro- 
duced the warmest floor and did not cause any 
localized areas of high temperature or velocity. 
Where outside wall locations were not feasible, 
low inside wall registers were recommended. Hori- 
zontal discharge outlets at ceiling level were least 
acceptable because of large floor-to-ceiling tem- 
perature variations and cool floors. 

Room temperature control with a single ther- 
mostat was satisfactory on the basis of day-to-day 
changes in the temperature balance between floors. 
Need for zone control was evident only during 
mild sunny weather when the burner did not 
operate. Solar heat gains and internal heat loads 
from cooking maintained a comfortable tempera- 
ture on the first story; however, basement tempera- 
tures decreased to unacceptable levels. 

Increase in fuel consumption was less than 
would be anticipated because the basement was 
usually heated to some degree by vagrant heat 
losses from furnace casing, smokepipe and ducts. 
Outlets which delivered air at floor level required 
a greater fuel consumption than those that de- 
livered air at ceiling level, but the space tempera- 
tures were also higher. 

Basic causes of pulsations in single-port gas- 
fired residential heating equipment were studied 
by C. F. Speich and A. A. Putnam of Battelle 
Memorial Institute in order to obtain methods to 
prevent oscillations. The authors explained that 
oscillation involves a vortex-shedding phenomenon 
at the lip of the burner tube. The presence of 
periodic vortices passing through the flame front 
produces an intermittent change in the rate of heat 
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release of the flame. At the same time there is a 
pressure oscillation in the volume of the heating 
unit whose frequency, in the absence of driving 
effects, would be equal to the frequency of the 
unit. The degree of coupling which exists between 
the rate of heat release of the flame and the natural 
pressure oscillation governs the amplitude of oscil- 
lation produced by the unit. 

The mechanism of oscillation suggests several 
methods of suppressing gas-flame oscillation. Since 
the latter depends on the presence of a pressure 
fluctuation, periodic variation in the rate of heat 
release and the coupling between the two, any 
means which will change one may reduce the 
amplitude of oscillation. Changing normal fre- 
quency of vortex shedding; attaching a device to 
the lip of the burner which could either tend to 
restrain the vortex, cause it to shed continuously 
or break the large vortex into many smaller ones 
which will decay more rapidly; and changing the 
frequency of vortex shedding by changing the 
burner-port diameter or the velocity of the com- 
bustible gas or both, are techniques for reducing 
the amplitude of oscillation. 

Low frequency combustion noises in oil-burn- 
ing equipment are caused by random fluctuation 
in the burning rate of the fuel fire and the air 
mixture, according to G. J. Sanders and W. E. 
Lawrie, Armour Research Foundation. They ex- 
plained that these fluctuations occur as a result of 
turbulent conditions in the air supply and mixing 
systems. Turbulence may be caused by any of 
these factors: fan design, housing shape, drawer 
assembly shape, fuel and air mixing, unstable fuel 
patterns or oscillatory burning due to spark igni- 
tion. Each helps to create the basic exciting force 
for both rumble and pulsation. The mixing proc- 
ess, especially in the central mixing zone, seems 
to be most important. In order to produce a quiet 
oil burner it is necessary to reduce to a minimum 
the creation of low frequency turbulences and to 
rely fully on high frequency turbulence to provide 
the mixing necessary for efficient combustion. 

Basic rumble frequency should be increased 
so that it will be out of the range of resonant fre- 
quency of doors, floors and walls. A resonant fre- 
quency of 100 cps is less objectionable than the 
present typical frequency of 40 cps. Also, the 
amplification and radiation of combustion noise 
should be reduced by proper unit design. To pre- 
vent pulsation, the head produced by the fan must 
be greater than the head loss in the blast tube, 
the head loss in the flues and the pressure of any 
random pulse created in the fire box by rough com- 
bustion. 

An omni-directional hot-wire anemometer for 
speeds below 600 fpm was described by J. F. 
Kemp, South African Council for Scientific and 
Industrial Research, in a paper presented by title. 
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Although the instrument described is not 
perfectly omni-directional, there is a fairly wide 
range of flow directions which do not affect its 
response. The hot-wire was selected as the basic 
type of sensing element because of its high sensj. 
tivity at low speeds and the variety of possibilities 
in its construction. The anemometer was spherical, 
of a symmetric nature, so that at any given velocity 
the same flow pattern and the same temperature 
distribution existed over the exposed surface of the 








P. M. Chung sponsored several discussions of 
heat transfer. Here shown with A. B. Algren 
and Treasurer J. H. Fox 





Radiant heating by 
hypocaust in old 
Roman baths and 
dwellings was the 
topic of Edwin D. 
Thatcher 


A probe for meas- 
uring the thermo- 
conductivity of dry 
and moist materi- 
als was the subject 
of a paper by W. 
Woodside 





Benjamin Gebhart 
reported upon a 
new method fer 
calculating radiant 
exchanges 


Annual use of elec- 
trical energy for 
space heating grows 
rapidly, as report- 
ed by R. L. Boyd 
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element, irrespective of the direction of the flow. 

The constant-resistance method of measure- 
ment was adopted for the anemometer. In this 
method the resistance of the hot-wire element was 
maintained constant by adjusting the heating cur- 
rent, which served as a measure of the air speed. 

Apart from its omni-directional properties, 
other noteworthy features of the instrument are 
its simplicity of construction and operation, the 





At the Welcome Luncheon Professor Merl 
Baker received a Life Member plaque from 
E. K. Campbell as A. J. Hess and W. A. Grant 
observe 





Piclessie A. B. Al- 
gren receives spe- 
cial Life Member 
badge at Welcome 
Luncheon 


Feature speaker at 
the Welcome 
Luncheon was Dr. 
James Creese 
whose topic was 
“Independence 
Hall and the Krem- 
lin” 


Nonagenarian Charles V. Haynes, past presi- 
dent of ASHAE, received a rousing ovation 
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small dimensions of its velocity sensing element 
and a fairly quick reaction time of less than one 
minute. 

Heat and mass transfer processes between 
humid air and a solid surface kept at subfreezing 
temperature have become common phenomena 
with application of low temperature refrigeration. 
In a two-part study, P. M. Chung and A. B. Algren 
of the University of Minnesota conducted an ex- 
perimental and theoretical investigation on the 
effect of frost formation on heat transfer between 
a humid air stream and a cylinder. 

At the beginning of the experimental test, 
reported in Part I, a uniform layer of frost usually 
formed soon along the entire surface of the cylin- 
der, with fastest growth near the stagnation. point. 
In about 100 min the thickness of the layer was 
more or less evened out for the whole cylinder 
except near the sides of the cylinder, where a 
definite discontinuity in thickness and density of 
frost was observed. Mass transfer coefficient was 
minimal at this region for a cylinder. 

Frost layer thickness reached a static value 
of 0.1 to 0.15 in. in about two hours along the entire 
cylinder surface except at the sides. In all cases 
heat transfer became quasi-steady in 60 to 100 min. 
As frost was formed on the surface the density 
and thermal conductivity of frost nullified the 
effect of increasing thickness of the frost. In- 
creased roughness of the cylinder surface with 
frost formation also affected the heat transfer. 

In Part II of the study, correlations were made 
between theoretically developed equations and 
experimental data. Properties of already-formed 
frost varied with time. The mode of variation de- 
pended on different parameters. Variation of frost 
density and conductivity was due largely to dif- 
fusion of vapor through the porous frost layer. 

In this frost layer, vapor migration was a slow 
process. Heat transfer associated with vapor mi- 
gration was of small magnitude compared to the 
heat transfer by conduction. Conductivity of frost 
was not appreciably influenced by diffusion of the 

vapor through the frost during the first 60 to 80 
min of transient heat transfer period. Therefore, 
the time dependency of the density and conductiv- 
ity of the frost during this period could be neg- 
lected. 

Test results showed that a quasi-steady state 
in total heat transfer was reached in 60 to 80 min 
for cases tested. Decrease in heat transfer to the 
quasi-steady state was influenced largely by the 
Reynolds number and the sensible heat ratio for 
a given diameter of a cylinder. This decrease be- 
came greater as the sensible heat ratio decreased 
and as the Reynolds number increased. 

A theoretical study of the mode of heat trans- 
fer downward through a typical joist space without 
conductive insulating materials was reported upon 
also by author P. M. Chung, but here in collabora- 
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tion with C. E. Lund, University of Minnesota. 

In heat transfer down through a joist space, 
no natural convection of air was possible when the 
temperature varied linearly along the joist surface 
from the upper plate to the lower plate. Heat 
transfer occurred through radiation and conduction 
only. 

However, the radiation heat exchange between 
the joist surfaces and other surfaces caused the 
temperature variation along the joint to deviate 
from the linear variation. This created horizontal 
temperature differences between the joist surface 
and the air. Adjacent air was then heated by the 
joist and rose along its surface. Upon reaching the 
upper plate the air stream continued its movement 
horizontally toward the middle of the joist space. 
At midway the stream met the counter stream 
created by the other joist; the two streams merged 
and descended toward the lower plate. 

Equations derived from boundary layer con- 
siderations made possible calculations of heat 
transfer between surrounding surfaces and the air. 
Simultaneous solution of convection equation, ra- 
tional radiation equation and conduction equation 
for the joist yielded an overall heat transfer through 
a typical joist space. 

Formulas developed for predicting fuel con- 
sumption of combustion heating systems are not 
applicable to electric heating without excessive 
error, contended R. L. Boyd, Edwin L. Wiegand 
Co. There is a lack of properly instrumented exam- 
ples of actual experience records for electrically- 
heated areas. In setting up estimates it was shown 
that personal living habits influenced costs more 
than weather deviations or assumptions. In com- 
mercial installations, actual energy required was 
far below requirements calculated for other fuels. 

Use of formulas developed for combustion 
heating fuel requirements gives abnormally high 
energy requirements for heating with electricity. 
The reasons for these deviations should be investi- 
gated. There is a need for authentic and realistic 
evaluation of practical methods for predicting 
energy requirements for heating with electricity. 

An investigation of the ancient heating method 
of hypocaust was conducted by Edwin Daisley 
Thatcher, an architect. He reported upon his study 
of five rooms in the Forum Baths at Ostia which 
were heated by this method. It was shown that 
the hypocaust could provide an environment com- 
fortable to bathers in these rooms even though 
large window openings were unglazed. Solution 
rested upon the character of the predominantly 
radiant heating system and skillful planning in 
architectural adaptation to the local climate. 

The Forum Baths showed that hypocaust was 
an efficient and successful heating method and that 
the ancients were aware of radiant heat both from 
surfaces and the sun. Further, they applied this 
knowledge to provide human comfort. 
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W. Woodside, National Research Council of 
Canada, discussed the probe or transient needle 
method for thermal conductivity. He is of the 
opinion that this method is satisfactory for dry 
materials, for results of tests on dry silica aerogel 
showed both reproducibility and agreement with 
guarded hot plate aerogel. However, results of 
tests on moist sawdust showed a steady decrease 
in measured conductivity. A test on snow indicated 
a variation in measured thermal conductivity dur. 
ing the test, while moist clay showed a steady 
decrease in measured conductivity. 

This steady decrease in measured conductivity 
during tests observed in the measurements on 
moist sawdust and moist clay suggested a steady 
drying out of the material in the vicinity of the 
probe. It was calculated that in 10 per cent mois- 
ture clay, a layer of clay equal in thickness to the 
probe radius would dry completely during the 
10-min test. Thus, the moisture redistribution dur- 
ing the test did not appear to be negligible as was 
commonly assumed, at least for test using thin 
probes. 

One method to reduce the temperature gradi- 





Successor to Elmer Queer for an 11-hour term 
of office, A. J. Hess enjoyed the novelty of 
being the only one to have been president 
of ASHAE and ASRE and to be designated 
as the next president of ASHRAE, following 
the initial term of Cecil Boling 


A—C. S. Leopold was moderator of the 
Topical Session on Comfort. B—C. S. K. 
Benham, President of the Institution of 
Heating and Ventilating Engineers ™ 
London, addressed the 65th Annual Ban- 
quet. C — Dr. Eric A. Walker, president of 
Pennsylvania State University, spoke at the 
Banquet. D — Noise and vibration in water 
piping systems were explored by W. L. 
Rogers. 
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ents and moisture redistribution in probe tests is 
to increase the probe radius. This is contrary to 
the present trend in probe development which is 
toward smaller sizes. Since errors due to finite size 
of a probe may be corrected, it is advantageous 
to use larger probes and avoid some difficulties in 
testing moist materials. 

Necati Ozisik and L. F. Schutrum reported 
upon a study carried out at the Research Labora- 
tories on heat gain through windows shaded by 
metal awnings. Five awnings of conventional types 
and colors were studied. It was demonstrated that 
outside color, shape and venting characteristics of 
awnings are significant factors influencing heat 
gain. The amount of solar heat excluded by a 
metal awning depended on the type and color of 
the awning, orientation of the window and the time 
of day. 

During the period of day when an awning pre- 
vented direct sun from falling upon the glass sur- 
face, the amount of solar heat excluded by the 
awning was 70 to 75 per cent on a western expo- 
sure, 75 to 80 per cent on an eastern exposure and 
50 to 60 per cent on a southern exposure. 

Most methods of determining the instanta- 
neous radiant energy transfer rates between gray 


surfaces of an enclosure consider net transfer rates 
between pairs of surfaces, explained Benjamin 
Gebhart of Cornell University. These transfer 
rates are often ill-defined and awkward to use, he 
said. A new method for thermal radiation analysis 
for non-black surfaces focuses attention on total 
rate of radiant energy loss of a surface. In this 
method various radiant energy transfer rates in a 
room are calculated. Analysis is direct and con- 
sistent because of the way basic quantities are 
defined and the method is similar to the approach 
used for black surfaces. 

Numerical operations in the calculations are 
lengthy, especially in the solution of equations for 
the absorption factors. Therefore, it is considered 
desirable to present absorption factors graphically 
in order to facilitate various types of calculations 
such as those for adiabatic surface temperatures. 


AT THE SYMPOSIUMS 
Drawing excellent attendance, the several sympo- 
siums offered a round-up of current information 
on the several subjects. 
The Symposium on Hydronics included four 
papers on piping systems. B. L. Sturdevant dis- 
cussed the design of piping which is used for high- 


(Continued on page 132) 





Conspicuously well-attended, the Symposium on Corrosion and Water Treatment was addressed by W. L. 
Andrews, Olivia Burkey, C. E. Ernst, F. S. Hodgdon and L. D. Polderman (speaking). W. G. Hole, seated 


next to the speaker, was moderator 


Performance of water source heat pumps in 
the Pacific Northwest was the topic of J. D. 
Kroeker here shown addressing the Sympo- 
sium on Heat Pump Performance. Other 
speakers at this session were A. D. Spillman, 
E. R. Ambrose, W. A. Spofford and F. L. Mc- 
Fadden, Jr. 
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To Professor Con- 
stantin P. Yaglou, 
for his many studies 
of environmental 
factors and rela- 
tionships, went the 
F. Paul Anderson 
Award at the An- 
nual Banquet 





Second Vice Presi- 
dent W. A. Grant 
called to order the 
Symposium on Hy- 
dronics at which 
P. N. Vinther was 
moderator 
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American Society of 
Heating, Refrigerating and Air-Conditioning 
Engineers, Ine. 


So now its ASHRAE 


At 9:30 a.m. January 29, 1959 the consolida- related to members as well as significant 2 
tion of the American Society of Heating and developments in the component prod- 
Air-Conditioning Engineers (1894) and The ucts, parts and materials useful to them 
American Society of Refrigerating Engineers in their work. 
(1905), as voted by members of both societies Transactions. Complete annual report- 
on December 1, 1958, became officially and ing upon the activities of the Scciety. 
legally effective. Technical program, social and official 
The consolidated Society will preserve business reports. 
the values developed over the years within Guide and Data Books. Encyclopedic 
each of the predecessor societies and will handbook presentations of authoritative 
build further within the broader possibilities information covering fundamentals, ap- 
inherent within the successor organization. plications and equipment in the fields of 
Here, in summary, are some of those heating, refrigerating, air conditioning 
specific things which have already emerged and ventilating and issued in annual 
from early planning stages — volumes upon a rotating program. 
Fields. Engineering aspects of heating, re- Standards. Published, as developed and 
frigerating, air conditioning and ventilation approved, for distribution as requested. 
as allied with research, development, installa- Research Reports. Recording the out- 
tion, equipment, standards and industry coop- come of Laboratory and_ sponsored 
eration. projects. 
Membership. Approximately 17,800 mem- Meeting Preprints. Distributed at na- 
bers. Initially 84 local chapters organized tional meetings to facilitate study and 
within 10 geographical regions. discussion of papers presented at tech- 
General and Special Committees. Covering nical sessions. 
the full range of society, technical, standards Officers. For the initial interval January- 
and inter-society activities. See page 102 of June 1959: President, Cecil Boling; First 
this issue for the initial listing of General and Vice President, A. J. Hess; Second Vice 
Special Committees. President, D. D. Wile; Third Vice President, 


W. A. Grant; Fourth Vice President, R. H. 
Tull; Fifth Vice President, John Everetts, Jr.; 
First Treasurer, J. H. Fox; Second Treasurer, 
F. Y. Carter; and Executive Secretary, A. V. 
Hutchinson. 

Board of Directors. Supplanting the ASRE 
and ASHAE Councils and established accord- 
ing to the Plan for Merger. Consists of 47 in 
the initial stage; ultimately 24. (See page 
102 of this issue. ) 


Research. Continuation and augmentation 
of the research program conducted at the 
Society’s Cleveland Laboratory with supple- 
mentary grants to independent educational 
and investigatory institutions. (page 91) 
Standards. Continuation and amplification 
of the Society’s work on engineering stand- 
ards with projection into various phases of 
heating, refrigerating, air conditioning and 
ventilation. (page 104) 


Publications. The several publishing activi- Staff. Approximately 50 with uptown (234 
ties of the merged societies will be as follows: Fifth Avenue) and downtown (62 Worth 
Street) offices in New York and with labora- 
ASHRAE Journal. 'The monthly, engi- tory facilities at 7218 Euclid Avenue, Cleve- 
neering, official publication of the Society land, Ohio. 
reporting upon national meetings papers, National Meetings. Annual Meeting to be at 
outstanding developments reported inde- Lake Placid, N. Y., June 22-24, 1959. Semi- 
pendently, news of Chapters, engineering annual Meeting, Dallas, Texas, February 1-4, 
news of the industry and happenings 1960. 
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Transient refrigeration loads 


as related to 


energy-flow concepts 


CARL F. KAYAN 
Member ASHRAE 


Analysis predictions of the heat- 
fows in a cold-storage-plant com- 
plex were undertaken, via rheo- 
electric simulation technique, and 
presented in a recent paper before 
ASRE.’ Of particular interest in 
that initial study was the influence, 
on the space-temperature-time his- 
tory, of a transient “hot” load 
suddenly introduced into the empty 
refrigerated zone. Of further inter- 
est was the ultimate effect of the 
transient warm-goods load on the 
performance of the different com- 
ponents of the entire refrigeration- 
complex, including the heat-transfer 
and the machine-equipment. 

In this earlier paper, the time- 
effect of the warm load was han- 
dled via a concept of “transient- 
body resistance”, that is, the warm 
lad after introduction into the 
tefrigerated space was represented 
by a calculated thermal resistance 
Which was construed as varying 
wih time. This resistance-time 
ype of relationship is depicted by 
Fig. 1, similarly as shown in the 
tarlier paper’. This thus accounted 
for a decreasing warm-body heat- 
fow to the storage space, com- 
Mensurate with the reduction of the 
— 

Professor Carl F, Kayan is a member of the 
Me University. John A. MeCague i Poolest 
ineer-Assistant, similarly. This paper was 
as “Energy-flow in a Refrigerated- 

=. Complex with Transient Refrigration 


ARE ; at the 45th Semiannual Meeting of 
in New Orleans, December 1-3, 1958. 
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body-surface temperature with the 
passage of time. Understandingly, 
the warm load accounted for a 
time-wise disturbance of the space- 
temperature; this increased con- 
siderably above the design steady- 
state value following the introduc- 
tion of the warm load. The 
reduction of this increased space- 
temperature then proceeded pro- 
gressively; the energy-flow in the 
various components of the complex 
were also simultaneously affected, 
as, with passage of time, the warm- 
load heat-dissipation was absorbed. 

In the present paper, the effect 
of transient refrigeration loads is 


Fig. 1 Typical resist- 
ance-time relationship 





R' THERMAL RESISTANCE 











° ELAPSED TIME 
< 





explored further, specifically with 
regard to the _ storage-structure 
space and the immediately asso- 
sociated heat-exchanger equipment. 
Warm goods brought into an 
empty refrigerated space represents 
one type of transient cooling prob- 
lem. However, the presence of other 
stored goods within the refriger- 
ated space adds to the problem of 
predicting net heat-flow rates and 
heat-exchanger performance. Here 
again, orthodox calculation pro- 
cedures prove inadequate, and an- 
alogy methods using rheo-electric 
simulation techniques are effective. 

A further added development 
beyond the earlier paper is the 
direct experimental (via simula- 
tion) representation of the tran- 
sient-body behavior, rather than by 
means of the hitherto somewhat 
indirect “transient-body resistance” 
technique. Calculation has been 
superseded by the use of a “Resist- 
ance - Capacitance” approach to 
establish the transient heat-flow. 
By specialized electrical-potential 
transfer procedures involving re- 
sistance-capacitance representation 
of both the incoming “hot” and the 
existent “cold” loads, the different 
rates of energy-flow are followed. 
The net energy-flow increment, be- 
yond normal structure values, is 
sensed in the heat-exchanger simu- 
lation circuit; this is set up for a 
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specified value of brine-coolant and 
circulating-air flow as well as brine- 
supply temperature. For the inte- 
grated system, resultant space- 
temperaturé, load- body tempera- 
tures, heat-exchanger energy-flow 
rates and fluid temperatures are 
predicted as a function of elapsed 
time for the transient operations. 

Rheo-electric analogy applica- 
tions, as extensions of the resist- 
ance-concept of heat transfer, have 
been carried forward in a number 
of steady-state problems: in heat- 
conduction, via geometrical-sheet 
as well as network methods’; in 
heat-exchanger analysis*; in en- 
ergy-transport*; and recently, in 
pipe-network fluid-flow distribu- 
tion’. The present paper carries 
rheo-electrical system analysis fur- 
ther forward in its application to 
the transient  refrigeration-load 
problem previously studied.'! Here 
pilot resistance-capacitance units 
are used to monitor the changing 
heat-flows associated with the vary- 
ing temperature-difference between 
the solid-goods surface and the 
storage-space air. 

The general arrangement is 
shown in Fig. 2. The heat-load of 
the refrigerated space is picked up 
by the movement of the space-air, 
cooled in fan-circulation through a 
brine-served counter-current type 
of heat-exchanger. For the purpose 
of this study, the brine from a 
separate refrigeration plant is con- 
sidered to be supplied at constant 
temperature. 

Many simplifying assumptions 
are found to be expedient in the 
general development of the prob- 
lem: for example, the structure, the 
heat-exchanger and the _heat- 
exchanger fluids are assumed to 
have negligible heat-capacity; the 
value of the load-surface heat- 
transfer coefficient is assumed, and 
is regarded as constant in the range 
of operations; the same may be 
said for the heat-exchanger fluid- 
flows and their overall coefficient of 
heat-transfer. Likewise, for the 
hot and cold transient loads, values 
of the thermo-physical properties 
have been assumed and regarded as 
constant. The external air-tempera- 
ture also remains constant. 


HEAT-LOAD RELATIONSHIPS 


Structure: With fresh ventilation- 
air (infiltration) cooling effect in- 
cluded, the enclosure hourly heat- 
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Fig. 2 General arrange- 
ment of heat flow com- 


plex 


flow rate q., in accordance with the 
resistance-concept of heat transfer, 
may be represented by an equiva- 
lent wall-resistance R, and the 
temperature-difference At, between 
the external outdoor and the inter- 
nal space-air temperature (which 
may be varying): 


Gw = At~/Re (1) 


Transient Load: For a solid slab- 
form body of given thermal 
properties, initially at a uniform 
temperature t, throughout and then 
suddenly subjected to exposed-sur- 
face heat-transfer with a surround- 
ing fluid: — the rate of heat- 
exchange depends not only on the 
exposed area of surface and its 
heat-transfer coefficient, but obvi- 
ously, also on the realized tempera- 
ture-difference existent at any time 
between the surface and the fluid 
(such as the space-air in the 
present case). The time-varying 
surface-temperature t, depends not 
only on its previous history and 
surface-conditions as well as on 
internal physical properties, but 
also on the value of the half-thick- 
ness dimension Y of the body. 
Thus, referring to Fig. 3a to 
depict the solid-section in question, 
in terms of its physical properties, 
and considering unit frontal-surface 
area (1 sq ft) exposed to the action 
of the air-coefficient h,:—with R’, 
representing the thermal resistance 
of the half-section depth Y, R’,, the 
surface-resistance due to h,, and 
with a as the thermal diffusivity: 





w= (=) ($F 
l()(+)] 2 
“(= ), (eet 


For sustained temperature 
difference between initial and uni. 
form solid-temperature t, and the 
surrounding air t,, the dimension. 
less ratio F, or specifically F, for 
the temperature-difference relation. 
ship at any point x for the solid 
(from surface to center-line core), 
is important: 


t: — te Ate.s 
F.= = (4) 
te — ta Bte,. 


For the surface: 


ts — te At, 
F,= was (5) 
to — ta Ato,s 


It is to be noted that Fig. 1 
referred to the ‘“transient-body” 
resistance R’,, previously cited: 
This may be defined as an equiva- 
lent resistance which, when divided 
into the overall temperature-differ- 
ence At,,,, determines the rate of 
heat-flow per unit of area, from 
which the total rate of heat-flow 
G+ from surface of area A, may be 
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Fig. 3 A—Solid-section 
form. B—Counterpart of 
A with subdivisions 
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Specifically, tb 7 : (7) 
f, is the specialized function 
for this type of case, covering the 
transient surface-temperature, de- 
fined by Schack* and originally used 
in the calculation of the transient- 
body resistance. It represents the 
surface temperature-difference ratio 
effect, that is, (t, — t.)/(t. — ta), 
which herein is also defined as F,. 
F, may be used either as derived 
from calculation, or as one other- 
wise established, such as shown 








subsequently, through electrical 
simulation technique. 
It is of interest to note a 


rearrangement from ftquation 7: 


RB’. te —— te 
i,= = =F. °@) 
R'w to _— ta 


Parenthetically, reference 
should now be made to the curve 
for the value F,, which has now 
been added to Fig. 1, and plotted 
against elapsed time. As a dimen- 
sionless-ratio value of resistance 
(Equation 8), it presents an idea 
which has been inspired by the 
freezer-development work of W. J. 
Finnegan here in USA. It depicts, 
via the ratio value F,, the relative 
importance of the surface-resist- 
ance R’, as compared to the overall, 
as defined through R’,,; the “Finne- 
gan” curve, in effect, draws atten- 
tion to the role, often controlling, 
exercised by the solid-body proper- 
ties, particularly in the later por- 
tion of the elapsed-time history. 

The heat-flow gq. between a 
transient-body load and its sur- 
rounding fluid, such as air, may of 
course be stated in terms of the 
corresponding temperature - differ- 
ence and the applicable resistance: 


(ts — ta) 








qu= 








: with Ri = 
L s a 
HEAT-EXCHANGER 
RELATIONSHIPS 
The air-to-brine heat-exchanger 
may be considered on a counter- 
current basis. As developed in 
earlier papers™’, its performance 
may be explored and predicted 
through an extension of the resist- 
aice-concept. Here the exchanger 
heat-flow q. is related to the overall 
exchanger temperature - difference 
At... between the entering air and 
the entering brine (t, — ts), 
through the total overall thermal 
tesistance R,..: 


(9) 
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t. — tr 
a=( ) (10) 
Rt,e 


¢ ~ / 
Rp —_ Rue R, R, Bua 





Re. = (11) 


i-g™" 


e R,”/ Bu, 


with R, and R, representing the 
heat-exchange resistance of the air 
and brine streams, and Ry, repre- 
senting the overall heat-transfer 
resistance. (e = natural log base.) 

As will be apparent in the 
specific example cited later, propor- 
tional distance along the total 
resistance path R,,. will represent 
a measure of the temperature- 
change for the different exchanger 
fluids. 


ELECTRICAL SIMULATION 
ANALOGY 


Since the solid-body in transient 
change comprises both thermal 
resistance and thermal storage 
(heat-capacity) effects, its thermal 
internal behavior may be simulated 
electrically through electrical re- 
sistance and electrical storage 
effects, i.e. through resistance and 
capacitance. Similarly, the external 
surface heat-transfer effect may be 
represented via electrical resist- 
ance. 

Thus, Fig. 3b represents the 
counterpart of Fig. 3a, with the 
surface-to-center solid section sub- 
divided into a number of slices, 
each slice-center represented by its 
condenser, and with slice-to-slice 
connections (on a one-dimensional 
basis) via representative network- 
resistances, as conventionally done 
in unsteady-state analogies. Simi- 


lar provision may be made for the 
surface heat-transfer effect. 

As a first step in the approach, 
the electrical values may be con- 
sidered, individually, directly pro- 
portional to the thermal values, the 
solid body herein being considered 
as the half-thickness of an infinite- 
extent slab (edge-effects neglected). 
Thus, Equations 4 and 5 have their 
electrical counterpart, with temper- 
atures replaced by their voltage 
counterparts, and noting therefore, 
that in the simulation process, the 
dimensionless-ratio F may be deter- 
mined electrically : 





E,x -—~ BE. AE... 
y= — (12) 
E.— E, AEo,« 
Thus, in effect: 
E.—E.+ F, (E. — E,) (13) 


Or, as stated otherwise: 


s=(E), (ce) 


Thus, dimensionless ratio F shows as 
a function of the specified groups, 
with y = time in sec, 


(=), (ce) 


It is significant that, since the 
electrical rC value is involved as a 
product, the result is independent 
of the value of the separate factors, 
and so generally understood. There- 
fore, for electrical simulation, the 
build-up of the rC product can be 
made in terms of convenient avail- 
able values and acceptable quality 
of condenser-capacitance C,, with 
the resistance r. appropriately 














Fig. 4 General rheo-electric simulation 
circuit for subsequently studied elements 
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evaluated. Thus, in terms or the 
value for r. so chosen, and through 
the required value for the ratio 
r./Y, established thermally, r, may 
be appropriately evaluated. In 
effect, this characteristic also per- 
mits a convenient choice of values 
so as to establish an attractive time- 
relationship for the “pilot” resist- 
ance-capacitance unit used (volt- 
age-wise) to monitor the main 
circuit of the complex. 

The behavior of this pilot-unit 
is then one of producing a voltage 
value for the “surface-tempera- 
ture’, which then may be separately 
applied in the monitoring of the 
main-circuit load-resistance com- 
ponent. 

The application of this tran- 
sient-body simulation approach will 
best be demonstrated through the 
illustrative example. Here, in addi- 
tion to the transient problem, the 
concurrent behavior of the struc- 
ture-load and of the heat-exchanger 
are incorporated into the system. 
Fig. 4 represents the general rheo- 
electric simulation circuit for the 
study of the subsequently-cited 
examples. In addition to the resis- 
tive components for the structure 
and for the heat-exchanger, load- 
transfer slidewires are also in- 
cluded. Pilot-unit-wise, “surface- 
temperature” voltages result from 
the operation of the rC network; 
their value is reproduced at the 
load-slidewires, so that it is thus 
possible to track the full-surface 
area load change for the main cir- 
cuit (as a function of elapsed time). 
Thus, the flow of heat off the ex- 
posed surface of the transient (one- 
dimensional) loads to the surround- 
ing air may be simulated. 


ILLUSTRATIVE EXAMPLE 


Time-wise performance-prediction 
is desired for the refrigerated- 
space and heat-exchanger system, 
represented by Fig. 2, under the 
following conditions: — External 
temperature, 100 F; brine-supply 
temperature (constant), 12 F; de- 
sign space-temperature (steady- 
state), 32 F. Transient-load sched- 
ule: (a) Load x, hot, originally at 
uniform (outdoor) temperature of 
100 F, suddenly charged into empty 
refrigerated 32 F space; (b) Load 
y, hot, plus Load x, hot, together, 
under conditions of (a), charged 
into the empty 32 F space; (c) 
Load x, hot at 100 F ete. suddenly 
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Fig. 5 Measured varia- 

tion of ratio with time, 

load x 


charged into the 32 F space already 
partially occupied by Load y, cold, 
uniformly at 32 F. 


Thermal-load Data: Structure 
heat-load (ventilation - infiltration 
air included, and wall of negligible 
heat-capacity = 1260 Btu/hr-F); 
Heat-exchanger: brine flow-rate 
W, = 8000 lb/hr, c, = 0.70 Btu/ 


(lb-F); air-flow W: = _ 838,500 
lb/hr, ca = 0.241 Btu/(lb-F); 
UA = 11,850 Btu/(hr-F). Load 


x: Tightly-packed vertical stack of 
goods, 2 ft thick, of 625 sq ft total 
exposed area; thermal conductivity, 


k = 0.70 Btu/(hr-sq_ ft-F/ft); 
density, p = 94 lb/cu ft; c = 0.22 
Btu/(lb-F); equivalent thermal 


diffusity, a = 0.034. Load y: Tight- 
ly-packed vertical stack of goods, 2 
ft thick, of 500 sq ft total exposed 
area; thermal conductivity, k = 
0.35; density, pn = 94 lb/cu ft, ¢ = 
0.22; thermal diffusivity, a = 0.017. 
The characteristics of Load y were 
so chosen, to have a thermal dif- 
fusivity of one-half of Load x. For 
both Load x and Load y, the sur- 
face-conductance h, is assumed to 
have the general value of 2 Btu/ 
(hr-sq ft-F). 

It is to be noted that both 
Load x and Load y, under the dif- 
ferent programs of operation, will 
be subjected to heat-transfer under 
time-wise variable space-tempera- 
ture. Accordingly, for reference 
purposes, the general characteris- 
tics of temperature-variation, for 
both x and y, under sustained heat- 
transfer fluid conditions will be of 
interest. These characteristics have 
been separately determined through 
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Fig. 6 Measured varia- 
tion of ratio with space, 
load x 


electric-analogy resistance-capati- 
tance studies of the “pilot loads”. 

Fig. 5, for the hot Load x of 
its defined thermal characteristics, 
shows the measured variation of 
the dimensionless-ratio F for both 
the exposed surface and the core, 
vs lapsed time, under constant-level 
“cooling” conditions. Fig. 6, for the 
same hot load, cooling, shows the 
variation of F vs internal position, 
for various value of 7, elapsed time 
in hours. 

Figs. 7 and 8, refer to Load y, 
and for their defined thermal char- 
acteristics, similarly show the vari- 
ation of performance for both the 
surface and the core, vs elapsed 
time, under “constant” “cooling” 
conditions. These are the counter- 
parts of Figs. 5 and 6. 

For these studies, and the sub- 
sequent ones on overall performance 
of the space system under load con- 
ditions, a time ratio of 60:1 was 
established for the thermal vs elec- 
trical behavior. Thus, in effect, for 
a value of +/(R.C,) = ar/Y? = 1.00 
= 0.0347 for the hot body, giving * 
a value of 29.4 hr, this represents 
29.4 min = 1760 sec electrical. Sim 
ilarly for the cold Joad, 58.8 hr ther- 
ma! was represented by 58.8 min = 
3520 sec electrical. Electrical cireuit 
values were translated from the 
thermal numbers on a proportional 
basis throughout, for voltage V8 
temperature, for current vs heat- 
flow rate, and for ohms resistance 
vs thermal resistance. 

In the voltage “transfer” tech- 
nique used, based on high imped- 
ence galvanometer element, great 
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Fig. 7 Load y ratio 
variation with time 
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Fig. 10 Heat-flow vs. 
time with hot load 


flexibility is possible since in the 
“pilot” procedure, only the voltage 
pattern needs to be obtained. There- 
by the voltage values at the load 
slidewires are monitored to govern 
the current flow which passes 
through the load surface resistance 
to the space-voltage bus. As stated 
before, for the “pilot” system, the 
electrical value of r, was set up via 
t,of the (r.C.) value, in accordance 


With the required thermal ratio of 
R/R’,. 


Operation Predictions: Fig. 9 
shows the temperature-time history 
for the case of the hot Load x 
tharged into the empty refrigerated 
Space, of steady-state design value 
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variation with space 
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Fig. 11 Dual-hot loads, 
temperature-time 


of 32 F, brine-supply at 12 F. The 
introduction of the hot load causes 
an immediate rise in the space tem- 
perature beyond 32 F, and then 
tapers off as time passes. The hot- 
surface temperature, which is the 
cause of the added heat-load via 
temperature difference vs the space, 
likewise falls off with the passage 
ef time, as does the core tem- 
perature. As may be expected, 
brine-outgoing as well as air-leav- 
ing temperatures at the heat ex- 
changer also increase, and gradu- 
ally fall off with the passage of 
time. 

Fig. 10 shows the correspond- 
ing rates of heat-flow vs time. Due 
to the increase in space tempera- 
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Fig. 9 Temperature-time 
history with hot load 


BTu/HR x 10 


HEAT FLOW RATE, 
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Fig. 12 Dual-hot 
loads, heat flow 


ture, the structure heat-flow itself 
is decreased: the addition of the 
high rate of flow from the hot load, 
however, causes the total flow to the 
exchanger to increase. With the 
passage of time these effects tend 
to taper off. 

Figs. 11 and 12 show results 
similar to those of Figs. 9 and 10, 
but in place of the single hot Load 
x introduced into the refrigerated 
space, two hot loads are involved, 
namely, both Load x and Load y, 
of differing thermal characteristics, 
with enhanced effects throughout. 

Fig. 13 shows the result of the 
hot Load x brought into the space 
already partially occupied by the 
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Fig. 13 Hot load brought 
into cold load space 


cold Load y. Of particular interest 
here, behind the similar effect 
shown in Figs. 9 and 11, is the 
tendency to heat up the cold load. 
This is indicated by the cold-surface 
temperature taking a position be- 
tween the actual space temperature 
and the steady-state value of 32 F. 
After a long period of time, and 
depending on the thermal proper- 
ties of the loads, etc., the heated-up 
cold load likewise will dissipate heat 
back to the space-air therein 
eventually showing its value of sur- 
face temperature higher than that 
of the space. This condition is not 
yet reached by the time 40 hr have 
elapsed. 


A= surface area, sq ft 
a=k/(pc) = thermal diffusivity 
c=specific heat, Btu/(lb-F) 
ae aan heat of air, Btu/(lb- 


cy = specific heat of brine, Btu/ 
(lb-F) 


C. = electrical capacitance (farad, 
microfarad) 


C’, = thermal capacity per unit of 
frontal area = cpY 


i= Schack heat-transfer func- 
tion, temperature - difference 
ratio 

E=electrical voltage for ana- 
logue 

F = difference or resistance ratio 

h = heat transfer coefficient, Btu/ 
(hr-sq ft-F) 


I=electrical current for ana- 
logue 
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Fig. 14 Heat-Flow for 
hot-cold load space 


Fig. 14 shows the correspond- 
ing heat-flow rate history for the 
combined hot and cold load opera- 
tion. Of particular interest are the 
positive hot-body and the negative 
cold-body heat flows. Their net 
effect, additive to the modified 
structure heat flow, produces an 
increased load to the heat ex- 
changer. 

In the three cases cited, the 
brine temperature is maintained at 
12 F, and the rates of flow for both 
the air and the brine remain un- 
changed. It is of course recognized 
that in given plant operations these 
conditions might well vary. Particu- 


NOMENCLATURE 


k = thermal conductivity of solid 
material, Btu/(hr-sq ft-F/ft) 
q = heat flow rate, Btu/hr 
R’=thermal resistance, referred 
to 1 sq ft, F/(Btu/(hr-sq ft)) 
R’, = thermal resistance of surface 
air, F/(Btu/(hr-sq ft)) 
Rae resistance, F/(Btu/ 
r) 
R.—=heat exchange resistance of 
air stream = 1/(W, ca) 
R, = heat exchange resistance of 
brine stream = 1/( Wo cp) 
R’. = thermal resistance of solid 
path Y in length, = Y/k 
R’,= thermal resistance due to 
fluid conductance h, per sq 
R= if 
re electrical resistance, ohms, 
proportional to R’. 
Tt — electrical resistance, ohms, 
proportional to Kn 


ne 
¥ 





larly to be noted is that the bring 
supply temperature, often dependent 
on refrigerating-machine perform. 
ance, might quite well rise due ty 
the added heat load. Under thege 
circumstances, the space tempers. 
ture would be further incre 
with extended effects on the differ. 
ent heat loads. 
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t, = surrounding air temperature 
F 


tex =external atmospheric tem- 


perature, F 
to = original initial solid tempera- 
ture F 


ts = surface temperature F 
x= temperature in solid at any 
point x, F 
At = temperature difference, F : 
W.=weight flow rate for ail 
lb/hr 
W. = weight flow rate for brine, 
lb/hr 
U =exchanger overall coefficient 
of heat transfer, Btu/(hr-S4 
ft-F) 
Y = half-slab thickness, ft 
p = density, lb/cu ft 
t= elapsed time, hr 
Subscripts to denote special appli- 
cations are used where requi 
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Noise and vibration 


in water piping systems 


Noise implies vibration. Audible 
noises can exist when vibrating 
surfaces in contact with the air 
transfer their vibration displace- 
ments to the air, which then con- 
veys the resulting pressure varia- 
tions to human ears. Whether or 
not sound is perceived depends 
upon the frequency and amplitude 
of the air-pressure fluctuations. The 
frequency range of hearing is 
roughly 15 or 20 cycles per second 
(cps) to 15,000 or 20,000 cps. As for 
amplitude, Fig. 1 gives some idea 
of the magnitudes of sound-pressure 
levels measured in various environ- 
ments. 

Whether a new sound such as 
might be added by components of 
apiping system adds anything per- 
ceptible to an existing sound level 
depends on the relative magnitudes 
of the 2 sounds. A change of the 
order of one decibel must exist be- 
fore a change is perceptible. Fig. 
2 indicates the total sound-pressure 
levels in decibels obtained by add- 
ing 2 sounds. It is apparent that a 
new sound may have to have ap- 
preciable magnitude if it is to have 
a noticeable effect. For example, 
adding 2 sounds of equal levels 
results in an increase of only 3 db, 
while adding a 50 db sound to an 
existing level of 60 will produce no 
perceptible change at all. Probably 
it should be mentioned here, too, 
that average human ears are more 
sensitive to some frequencies than 
to others. Frequencies in the range 
of 1000 to 5000 cps are usually 
most easily heard, with sensitivity 
falling off at higher and lower fre- 
quencies,* 

A list of the pertinent vibrating 
surfaces which produce noise in 
Water piping systems includes (a) 
the surfaces of pumps and motors, 


—. 
*Exponent numerals refer to References. 
— 


y. L. Rogers is Associate Professor of 
Tytanical Engineering at Northwestern 
triversity. _This paper was presented at 
- Symposium on Hydronics at the 65th 
” Meeting of the American Society 

eating and Air Conditioning Engi- 
Mers, Philadelphia, Pa., January 27, 1959. 


MARCH 1959 





AS he 


W. L. ROGERS 


(b) the surfaces of pipes and piping 
components, and (c) the surfaces of 
building panels to which pumps, 
motors, pipes, or piping compo- 
nents are attached. 

The following discussion re- 
lates to sources, transmission, mag- 
nification, and reduction of oscilla- 
tions which may result in excessive 
vibrations of these noise-producing 
surfaces. 


SOURCES OF NOISE-PRODUCING 
VIBRATIONS 
Vibrations of piping systems origi- 
nate at one of two places: (1) with- 
in the fluid, or (2) in some solid 
(structural) part of the system. 
Examples of fluid sources are the 
fluid pressure pulsations from 
pumps, from flow through piping 
components, and from water ham- 
mer. Structural vibration sources 
include unbalanced rotors in pumps 
and motors, frictional forces, elec- 
trically-induced mechanical forces, 

and loose parts in the system. 

It is well known that the vi- 
bration produced in the fluid does 
not remain entirely in the fluid, 
and that the vibration produced 
in the structure does not remain in 
the structural parts of the system 
alone. There is interaction, and a 
pressure oscillation in the fluid can 
cause excessive lateral pipe vibra- 
tion under certain circumstances. 
The interaction is much stronger 
for water-filled pipes than for gas 
or vapor-filled pipes, an important 


factor being the relative compressi- 
bilities of the fluid medium and the 
material of the pipe. The pipe di- 
mensions are of importance, also, 
for they influence the stiffness pre- 
sented by the pipe wall to the pres- 
sure variations in the fluid. 

A self-excited or self-sustained 
type of oscillation can be encount- 
ered in certain types of valves. The 
essence of this type of oscillation is 
that the vibrational motion itself 
includes actions which tend to sus- 
tain the vibration. For small am- 
plitudes, energy is fed into the 
vibrational motion to increase it, 
while for much larger amplitudes 
energy is removed so that the vi- 
bration is decreased. The resulting 
eventual steady state of oscillation 
is sometimes called a limit cycle. 
For small amplitudes, the damping 
is negative, while for large ampli- 
tudes damping becomes positive. 

The oscillations or collapse of 
gas or vapor bubbles in the liquid 
of the system can be potent sources 
of noise. Bubble oscillations are 
produced as a bubble is carried by 


~ the stream through a region of 


varying pressure. The varying pres- 
sure on the bubble constitutes 
forced oscillation of the bubble, 
but the natural frequencies of os- 
cillation of the bubble are excited 
as well. It is possible that flow 
noises produced from other causes, 
such as pumps, can be intensified 
or damped by the presence of bub- 
bles, depending upon the forcing 
and natural frequencies. The noise 
of cavitation requires the presence 
of cavities in the liquid. A com- 
mon experience is the elimination 
of hissing noises resulting from 
elimination of trapped gas. 

In experimental work?:* it has 
been found that sudden enlarge- 
ment of a flow passage into a low- 
pressure region results in particu- 
larly intense noise generation with- 
in the flowing water. Flow through 
orifices or through partially-closed 


valves are examples. 


83 























ENVIRONMENT pe! w 
4 
+3 
120 [THRESHOLD OF FEELING | we 
NEARBY RIVETER INTOLERABLY oy 
ELEVATED TRAIN SS et ne : 
| NOISY FACTORY VERY LOUD ae - 
8s0------- --—- -— wi 
| HEAVY TRAFFIC held Su 
NOISY HOME 60|—-—— —— — —— — — — <5 | 
AVERAGE OFFICE MODERATE Bs 
QUIET HOME 40h —— ——— —— -- of 
PRIVATE OFFICE QUIET Foot 
SOUND PROOF ROOM | 20}-— ——— —— — —— an 
EXTREMELY 
kB ny ies: =| | eer 
| “DB= 20 LOG, (P/Q0002), P= DYNES/SQ.CM. 








Fig. 1 — Sound levels in 
representative environments 


It is difficult to draw definite 
conclusions about the relative im- 
portance of the various types of 
noise sources. However, some rea- 
sonable observations can be made. 
The rather wide range of frequen- 
cies inherent in noises produced by 
flow through most piping compo- 
nents (such as valves and fittings) 
means that the energy of such 
noises is not concentrated in par- 
ticularly narrow bands. Further, 
the vibrations which do exist seem 
often to consist of free oscillations 
started at random intervals as by 
shedding of eddies and cavitation 
phenomena. 

It would seem that pump 
noises would constitute a greater 
hazard for producing intense noise 
problems at locations away from 
the source. They are a source of 
steady frequency, with greater pos- 
sibility of resonance downstream. 
In tests, it has been found that the 
level of noise in the water pro- 
duced by flow through representa- 
tive components (such as elbows 
or open valves) can be of the same 
order of magnitude as that pro- 
duced by a representative pump. 


TRANSMISSION OF NOISE FROM 

THE SOURCE 
Noise (vibration) can travel along 
the liquid path, the structural path, 
or both. The split of sound energy 
into various paths as a sound travels 
away from its source depends upon 
the acoustic impedance of the var- 
ious paths available. As is the case 
in the flow of electricity, the great- 
est flow follows the path of least 
resistance. 
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For a sound source in a fluid, 
the best acoustic impedance match, 
and consequently the greatest flow 
of the acoustical energy, is usually 
along a continuing fluid path. How- 
ever, the pipe walls surrounding 
the fluid are not perfectly rigid, 
and so some of the vibration of the 
fluid is transmitted to the pipe 
walls. This fraction is much greater 
for liquid-filled pipes than for gas- 
filled pipes. In addition, for struc- 
tural resonance conditions which 
may exist, and which are discussed 
later, the resistance of the pipe to 
vibration may be reduced, result- 
ing in large pipe vibrations in- 
duced by fluid sources. Also, if 
there is a sudden change of size 
of the fluid duct path, there can be 
reflection backward along the fluid 
path, thereby reducing the amount 
transmitted. 

For the structural sources, the 
general thoughts are the same. Most 
of the vibration travels along the 
pipe or structure, with branching 
paths carrying vibrational energies 
in amounts dependent upon the 
relative impedances of the paths. 

The frequency of vibration is 
an important factor in transmission 
of noise. As for any vibration, if a 
natural frequency of a branching 
path coincides with the frequency 
of the vibration, the amplitude of 
vibration at the particular location 
will be increased. In recent experi- 
mental work conducted at North- 
western University under a co- 
operative arrangement with the 
ASHAE, but as yet unpublished, 
it has been demonstrated conclu- 
sively that large pipe vibrations 
can be produced by pulsing the 


water at frequencies corresponding 


2 
DB DIFFERENCE BETWEEN TWO NOISE LEVELS 
BEING ADDED 
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Fig. 2— Adding two sound levels 


to the natural frequencies of the 
pipe and its supporting arrange. 
ment. 

Dissipation is inherent in any 
vibration. Friction and _ hysteresis 
effects reduce the amplitudes of 
vibrations as they are transmitted, 
Thus, dissipation reduces the mag- 
nitude of transmitted noise. The 
inherent dissipation along the fluid 
path and along the structural path 
can be quite small in actual instal- 
lations, so that damping by inher. 
ent dissipation cannot be relied 
upon to be a significant factor in 
reduction of transmitted vibrations. 

The effectiveness of rubber 
hose in reducing transmitted vibra- 
tions varies with its stiffness and its 
length, as well as with the fre- 
quencies present. Soft hose is bet- 
ter than stiff hose, and high fre- 
quencies are more effectively 
damped than low frequencies. Re- 
liable and complete quantitative 
information is not available, but 
the length of commercially-avail- 
able hose required for worthwhile 
sound reduction is practical in 
many instances, amounting to 4 
matter of no more than a few feet. 
Both fluid-borne and_ structural- 
borne vibrations can be reduced, 
usually by different amounts. This 
is particularly advantageous be 
cause of the interaction already 


discussed. However, there ae 
problems of cost, maintenance, and 
safety. 


Hose reduces fluid-borne sound 
probably by a combination of pres- 
sure relief and internal damping 
(dissipation) in the rubber as tt 
vibrates with the pulsing fluid. The 
latter action is quite evident as one 
touches the surface of soft rubber 
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hose or listens with a stethoscope 
to the rapidly-diminishing sound as 
one moves downstream from the 
entrance to the tube. 

Hose impedes transmission of 
structural vibration by introducing 
fexibility in the structural path. 

A sudden enlargement in a 
ipe line acts as a low-pass, high- 
Beincy cut-off filter for fluid- 
bone vibrations. Fig. 3 taken from 
an earlier paper® illustrates this 
filter action. Filter sizes are prac- 
tical. Only a limited amount of 
design information is available at 
present for such water filters, some 
of it obtained at Northwestern Uni- 
versity, but as yet unpublished. 
The greater the enlargement, the 
lower the frequency above which 
fequencies are cut off. 

In general, to stop transmis- 
sion of noise in liquid piping sys- 
lems, it is necessary to insert a 
block in the path of transmission. 
The block can reflect the vibration, 
damp it by dissipation, or counter- 
act it. This last technique will not 
be pursued here. It has its counter- 
part in the well-known dynamic 
Vibration absorber discussed in 
many books on vibrations. The 
method of application of the idea 
0 piping systems needs further 
study, 


RESONANCE 
A piping system inherently con- 
tins a multitude of opportunities 
tesonance with source disturb- 
Mees. In the fluid path are organ- 
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pipe effects, and in the structural 
path are vibrations of pipes, com- 
ponents, and the masses to which 
they are attached. 

A vibrating surface which is 
radiating sound produces more 
sound as it vibrates at greater am- 
plitude. It has been amply demon- 
strated that greatly increased lat- 
eral vibration of a piping span can 
be produced if the lateral natural 
frequency of the span coincides 
with the frequency of either fluid 
or structural vibration sources. This 
in itself might not produce a com- 
parably greater sound, particularly 
for small pipes. It is to be noted 
that it is not the vibration of the 
air caused directly by vibration of 
the string of a piano which is re- 
sponsible for the loud sound. It is 
the vibration of the much larger 
surface of the sounding board which 
is primarily responsible. It is true 
that the vibration of the string 
causes the sounding board to vi- 
brate, and that larger string vibra- 
tions cause larger sounding-board 
vibrations. The analogy to pipes 
(as strings) connected to building 
panels (as sounding boards) is ob- 
vious. The type of pipe supports 
and the characteristics of the panels 
obviously affect the elasticity of the 
system and hence the natural fre- 
quencies. 

Although the work has not yet 
been published, in the course of 
studies at Northwestern University 
the natural lateral frequencies of 
both empty and water-filled piping 


| 


! 1 
} ' 
ie ee 


Fig. 4 — Example arrangements of hose inserts 
to reduce vibration transmission 


Fig. 3 — Sudden enlargements in 1 in. pipe as 
low-pass acoustic filters. All lengths 18 in. 


spans have been calculated and 
spot-checked experimentally. Sev- 
eral lateral modes in several pipe 
sizes have been considered. Sup- 
ie at the ends were considered 
xed-fixed or free-free. A notably 
interesting result is that a whole 
host of natural frequencies which 
would represent actual practice 
(such as to span and probable sup- 
port stiffness) lie squarely in the 
audible-frequency range. It seems 
probable that this result is of con- 
siderable importance in attempting 
to understand the noise problems 
associated with piping systems. 
Presumably, the fluid organ- 
pipe resonance effects in a system 
can cause magnification of the am- 
plitude of the pressure variations 
of fluid sources such as pumps. 
Thus, excitation could be increased 
for vibration of pipes and their 
attached panels, and a noise prob- 
lem might become significant which 
might have been negligible without 
the fluid resonance effect. Simple 
organ-pipe resonant frequencies for 
liquids (and gases) can be calcu- 
lated, and have been checked rea- 
sonably well in experiments with 
water in pipes open at one end and 
closed at the other. Investigations 
pertinent to a real system with ex- 
pansion tanks and closed piping 
loops still need to be carried out. 
Experimental work at North- 
western University has indicated 
the extreme importance of the pres- 
ence of gas bubbles in the water 
when studying pressure-wave travel 
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along the fluid path. Only when 
substantially all gas has been re- 
moved has it been possible to ob- 
tain consistent results. It has been 
a common occurrence that even an 
apparently simple system such as 
a length of straight pipe exhibits 
many apparent resonances and in- 
consistencies unless and until quite 
special care has been devoted to 
elimination of gas in the system. 
The probable reason for the ob- 
served effects is the presence of a 
considerable range of bubble sizes. 
Bubble size affects bubble natural 
frequency. For given forcing dis- 
turbances, some bubble sizes ap- 
parently can cause amplification of 
the fluid vibration, while other 
sizes can reduce the fluid vibration 
by a dynamic absorber action. 

A somewhat rare occurrence 
can be visualized in which a fluid 
source such as a pump comes into 
organ-pipe resonance within the 
fluid system, this frequency coin- 
ciding with that of some pipe span 
and supporting panel. A loud noise 
would be expected. More usual 
problems probably do not include 
all these simultaneous happenings. 

It might be worth noting that 
the presence of a range of frequen- 
cies produced by flow noises offers 
the possibility of selective magnifi- 
cation of some of them in particu- 
lar systems. However, it seems rea- 
sonable to suppose that pumps 
usually will present the greater 
hazard, because of their concen- 
tration of sound at particular fre- 
quencies. 


SOME MEANS OF MINIMIZING 
NOISE 
General considerations must in- 
clude reducing the source ampli- 
tudes; avoiding amplification by 
resonance; and minimizing trans- 
mission by means of filters or re- 
flectors, damping by dissipation, or 
counteracting devices. 

Low-noise pumps must have 
properly -designed flow passages, 
must be balanced, and must be 
operated by balanced electric mo- 
tors. In addition, soft isolation 
mountings are commonly used to 
block structural transmission. A 
low-noise system also requires use 
of reasonable flow velocities. No 
absolute rule can be given here. 
In general, tests have indicated? 
that flow through the components 
(such as elbows and valves) of a 
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piping system are more likely to be 
offending noise-makers than flow 
through the pipe itself. Thus, a 
higher velocity could be used in a 
system of fewer components and 
section changes. Throttling action 
through obstructions such as valves 
and orifices is particularly offen- 
sive, and especially on the down- 
stream side. Such information is 
important when designing flow 
passages in pumps, too, for quiet 
operation. It appears, in general, 
that gradual pressure drops are 
preferable to sudden ones. 

Avoiding amplification by res- 
onance obviously requires consid- 
eration of forcing frequencies and 
natural frequencies. Motor and 
pump speeds and the number of 
pump impellers determine signifi- 
cant pump frequencies. Type of 
piping component and _ velocity 
through it determine frequencies 
of this flow source of noise.2 The 
presence of bubbles also is of im- 
portance. The pertinent natural 
frequencies might be controlled by 
altering motor, pump, and pipe 
mounting stiffnesses; lengths of pip- 
ing spans; lengths affecting organ- 
pipe resonances; by elimination of 
random bubble sizes; and probably 
by adjustment of the vibrating 
masses, where feasible. 

Transmission can be reduced 
by using proper rubber-hose inserts, 
which can block both fluid- and 
solid-borne vibration when prop- 
erly arranged. Fig. 4 shows several 
arrangements. While offering in- 
creased flexibility and _ therefore 
seemingly greater damping action, 
hose inserts also introduce hazards 
of new natural frequencies, and, 
when curved, they can impart struc- 
tural vibration to the attached pipe 
when fluid pressure fluctuates at 
the bend. Hoses also have obvious 
limitations. 

Sudden enlargements act as 
low-pass filters, stopping transmis- 
sion along the liquid path of fre- 
quencies above a value which is 
affected by the size of the enlarge- 
ment. Fig. 3 illustrates the effect, 
but more design detail for water- 
filled systems is needed. Other 
types of filters are possible, too, 
including high-pass and band-pass. 
These have had only cursory at- 
tention as related to water piping 
systems. 

Damping devices can be con- 
structed which divide the flow 





among many small tubes, prefer. 
ably with laminar flow in cack The 
increased solid suzface in contag 
with the flowing fluid results in jp. 
creased dissipation due to fluid 
shear, and hence more resistance 
to fluid fluctuations. This type of 
device appears to be less practical 
than some others. 

Counteracting devices for fluid 
vibrations would embody the idea 
of applying a pressure trough to 
the location where otherwise a 
peak would exist. In the mechani- 
cal parts of the system, a push 
would be supplied to counteract a 
pull. In each case, a local position 
of essentially zero variation (a local 
node) would be enforced. As an 
example, a dynamic absorber effect 
could be obtained by control of 
gas bubble size, or, more 
tically, by the use of equivalent 
elastic elements in the system. 


CONCLUSION 


It has been the intent here to sum- 
marize in a qualitative manner 
some of the observations of the 
author concerning the problems of 
noise in water piping systems. The 
bibliography and reference titles 
listed at the end of the paper con- 
tain additional references and a 
considerable amount of pertinent 
quantitative information which it 
was felt need not be repeated here, 
as it is readily accessible. 

The author is associated with 
a continuing cooperative relation- 
ship between the ASHRAE and 
Northwestern University which has 
as its purpose the study of noise in 
liquid piping systems. Future re- 
ports arising out of this study will 
present information cosa 
many aspects of the problem whic 
have only been mentioned in this 
brief survey. 
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Evaporator frost performance 


in an ice cream display case 


With automatic time-initiated de- 
frost devices, cabinet engineers 
face a problem in selecting the 
number of defrost cycles per unit 
time. Open top (reach in) low 
temperature display cases, where 
the means of cooling is more or less 
exposed to existing seasonal humid- 
ity, have but made the problem 
more complex. There is an added 
variable of geographic location. 

Thus, in a given geographic 
location, the open top display case 
described herein has a seasonal dif- 
ference in the number of required 
defrost cycles of approximately 
once in 480 hrs to once in 6 hrs or 
once in 20 days to once in %4 day. 
This extreme difference leads to a 
compromise setting of perhaps two 
defrosts per day resulting in a 
higher rate of useless defrosts at 
low humidities with still an inade- 
quate number at high humidities. 

It was with this problem in 
mind that an effort was made te 
improve frost performance of a fin 
and tube evaporator in a gravity 
type display case and thereby im- 
prove the annual defrost cycle effi- 
ciency. 

The difficulty is admittedly 
less important in an air conditioned 
store. However, there are now and 
Probably will be for many years 
to come marketing areas where 
humidity problems in low tempera- 
ture display cases will not be solved 
completely by air conditioning. 
Such areas may include geograph- 
kal locations where the air dry bulb 
temperature is sufficiently low over 
an extended period of time to pre- 
dude air conditioning, but the wet 
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bulb high enough to invite frost 
problems during refrigeration at 
low temperatures. 

In addition, it is anticipated 
that in the near future a reliable 
defrost control will be developed to 
initiate the defrost cycle on the 
basis of humidity and not of time. 
This can be accomplished by start- 
ing defrost from a predetermined 
signal furnished by the frost on 
the coil. With this type of device 
available it would be desirable to 
obtain maximum coil output for the 
greatest possible interval at high 
humidities. 

Our investigation on the effect 
of fin arrangement of a gravity 
type cooling coil in an open top 
ice cream display case, related to 
the necessary number of defrost 
cycles required when the cabinet is 
operated under high humidity con- 
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ditions. The scope of this investi- 
gation is limited—no attempt was 
made to study all of the factors 
affecting optimum design. 

This discussion deals only with 
a cooling coil in one commercially 
available cabinet so that such fac- 
tors as coil size and shape and air 
flow arrangement were fixed. The 
results of this investigation could 
be changed by a change of any of 
several design factors. It is im- 
portant to note that ice cream was 


Fig. 1 Gravity type, self contained display 
case used in frost performance evaluation tests 
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used as the load in this evaluation. 
Since this product is one of the 


most difficult to maintain, from 
a temperature as well as a quality 
standpoint, the product had influ- 
ence in the conclusions. 


Description of Display Case—The 
data in this report were obtained 
from a semi-automatic defrost cab- 
inet 6 ft long equipped with a %4 
hp self-contained capillary tube re- 
frigerating system. The front of 
the cabinet exterior is shown in 
Fig. 1. A skeleton view of the re- 
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Fig. 2 Skeleton view 
of refrigerating sys- 
tem in display case 


frigerating system is shown in Fig. 
2. During the refrigerating cycle 
the refrigerant is metered by capil- 
lary tube to the fin coil, then 
through the lower wrap around tub- 
ing and accumulator, then back to 
the compressor via the combination 
suction line-heat exchanger. 

A cross-sectional view showing 
the gravity air circulation through 
the fin coil is given by Fig. 3. The 
warm air rises in the return air 
duct, falls by gravity through the 
fin coil where it is dehydrated then 
cooled, and continues through the 
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Fig. 4 De- 
scription of fin 
arrangement 
for each test 
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Fig. 3 Cross-sectional view of test 
cabinet showing convectional air 
path, defrost heaters and product 
load 


discharge opening towards the 
front of the cabinet then back to 
the return duct completing a cycle. 

The defrost cycle is time initi- 
ated with temperature termination. 
Defrosting is accomplished by stop- 
ping the compressor and energiz- 
ing the coil and drain pan heaters. 
Thermostat termination provided 
the means of comparing defrost 
cycle efficiency since the amount of 
frost collected on a given coil could 
reflect itself in defrost time with 
equivalent wattage input. 

The fin coil has a two-fold re 


Fig. 5 Return and discharge air vs. time for 
each test. Shaded area is that portion of return 
air temperature below 0 F and represents the 
useful refrigerating effect accomplished be 
tween defrost cycles 
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g rornT AT WHICH COIL WAS VISUALLY FROST BLOCKED 
@ port AT WHICH RETURN AIR TEMPERATURE REACHED 0° P. 


TEST NO. 3 
2 - & PPI COIL 


TEST BO. & 
- 2-4 PPI COIL 


TEST TIME IN HOURS 





sponsibility: (1) To pick up the 
water vapor which migrates into 
the cabinet as a result of convec- 
tional and diffusional movements 
and (2) to cool the air circulating 
over the coil to a temperature low 
enough to properly refrigerate the 
top of the ice cream load. The 
jower coil or wrap around tubing 
on the liner for the most part off- 
sets the heat gain through the side- 
walls and bottom, thereby keeping 
the upper coil capacity at work on 
the upper portion of the load. 


Description of Tests—The cabinet 
was loaded with pint packages of 
ice cream to the load level shown in 
Fig. 3. Tests were performed in a 
humidity room under constant con- 
ditions of 80 F dry bulb and 70 % 
relative humidity. Room air veloc- 
ities in all of the tests were some- 
what high and contributed towards 
an accelerated test. 

After a 16 hr stabilization 
period with the night cover closed, 
the coil was defrosted, the night 
cover opened and readings taken 
every half hour. These included 
product* temperatures, discharge 
and return temperatures, room dry 
and wet bulb temperatures, dis- 
charge and return air velocities and 
a photograph of the coil showing 
the frost build up progress. Each 
test was concluded when, by inspec- 
tion, the coil appeared 100% 
blocked. Four such tests were run, 
each with a coil with different fin 
arrangements. (See Fig. 4.) Test 
No. 1 had a straight 4 fin per in. 
coil; test No. 2, a straight 2 fin per 
in.; test No. 3, a staged 2-4 fin per 
m.; and test No. 4, a staged 1-2-4 
fin per in. The cabinet position in 
the test room remained unchanged 
for all 4 tests thus insuring the 
Same test conditions for each coil. 
sti, leo important to note in Fig. 3 that the 

Product area represents the top exposed 


uct from which temperature measurements 
Were made in the tests. 
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Fig. 6 Average 
top layer exposed 
ice cream tem- 
perature vs. time 
64 for tests 2, 3 and 
6] 4 
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Fig. 7 Plotted re- 
sults of test 4 


Discussion of Results—The above 
tests were run in the order shown 
and scheduled only after thorough 
evaluation of the previous test. 
Fig. 5 shows the plotted results of 
discharge and return air tempera- 


DISCHARGE AIR TEMP. 





tures vs time. The shaded area be- 
tween the zero degree datum line 
and that portion of the return air 
curve lying below has been selected 
as a comparison point and is re- 
ferred to in this discussion as the 


TABLE I—TABULATED DATA AND CALCULATIONS 


l. Secondary (fin) surface in sq ft 
2. he S Surface based on 4 FPI 


a Tine 7m wales air to warm 
up to 0 F * (he) 


4. Time fez coil to. fr wen block 
(hr observed time) 





5. Reta air F at observed 
blocked coil time 





6. Lowest average return air 
temperature obtained F 





*7, Average blocked coil product 
temperature F 





*8. Lowest average product 
temperature 


*9, Average product temperature @ 
O F return air temperature 


10. Net time (hr) return air is 
maintained below zero (Fig. 5) 


11. Ratio of time (10) above to de- 
frost plus recovery time of I'/2 hr 




















12. Improvement ratio based on 
Test I. (i) = — .666 





13. Pounds of frost enllented 
per defrost cycle 





14, Time in hr her complete defrost 


15. ‘Defrost t cycle efficiency — 





16. Theoretical no. . of defrosts per 
day required based on (3) above 





17. Sensible heat gain per day 
based on 14, 15 & 16 


18. %, of daily condensing 





Test No. 

Te 2 Me os a, ee 2 
4 FPL 2 FPI 2-4 FPL | (1-2-4 FPI 
101.4 50.7 76.0 69.8 
100 50 | 75 | 68.8 

2.0 4.0 Pee aoe 

3.5 5.0 65 | 132 

eh Pedigree 

8.5 10.0 12.0 | 12.0 
=2 wt he —7.0 

NR 63 **| a6 | 3.8 
NR 6.2 Tage yas 
NR 6.3 $6) a9 

i 3 4 8 

666 2 2.67 5.34 

3 4 = 

480 1.380168 | 0.75 

A5 45 5 | 534 

8.6 24.6 27.0 | 440 

12 . 4.8 2.67 

12,300 5,090 4,370 2,720 

28.4 11.8 10.1 63 


unit capacity 
* Top exposed product 
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5 


useful refrigerating effect produced 
by the upper coil between defrost 
cycles. 

Fig. 6 shows a comparative 
plot of average ice cream tempera- 
tures vs time for Tests 2, 3 and 4. 
Ice cream temperatures for Test 1 
were not recorded. Fig. 7 shows 
a complete plot of the recorded data 
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. 8 Progressive frost build-up for each test 


of Test 4. This was the only test 
in which discharge and return 
velocities were taken. These curves 
represent a fair average of points 
and indicate the loss in air flow as 
a function of frost build up. From 
the above plotted data improved 
performance is evident. 

Staged fin spacing, which: pro- 


vides the entering air side of the 
coil with maximum fin spaces, with 
progressively smaller spaces for 
the stages thereafter, first dehy- 
drates the entering air, then coo 
it in the latter stages to its ult 
mate temperature and thereby 
creasing the amount of frost the 
(Continued on page 122) 
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RESEARCH PAGE 


Members of ASHRAE can truly look for greater 
return from research activities as, with the merger 
completed, there is now a broader base on which 
to develop and grow. An initial step in this con- 
nection has already been taken with the expendi- 
ture rate for research being raised to a higher 
figure and the planned budget for the next fiscal 
year, starting July 1, being set at $325,000. This 
is a definite increase over the combined research 
budget of the two Societies which, before the mer- 
ger, was approximately $263,000. The increase rep- 
resents only an initial step, as the research program 
is being oriented to expand to the half-million dol- 
lar level within the space of a few years. 

The research program of ASHRAE is under 
the direction of the Research and Technical Com- 
mittee. This consists of twelve members, with four 
members to be elected every year, to serve for a 
term of three years. At this time, the initial mem- 
bership of the Committee can be announced with 
the present appointments being made on an in- 
terim basis to run until the annual meeting in 
June, 1959, following which the Board of Directors 
will appoint members for the Committee on the 
three-year pattern. The complete Committee con- 





sists of: 
R. C. Jordan, Chairman N. B. Hutcheon 
E. P. Palmatier, W. T. Pentzer 
Vice Chairman 

D. D’Eustachio E. .F. Snyder, Jr. 
H. C. Diehl R. M. Stern 

S$. F. Gilman W. F. Stoecker 
F. K. Hick, M.D. E. F. Wolfert 


Because of the many problems resulting from 
the merger and the consequent expansion of the 
research program, President Cecil Boling is also 
inviting a number of consultants to serve in an 
advisory capacity to the Research and Technical 
Committee, and the following consultants to the 








of the Committee have been invited to serve: 
a. wit P. R. Achenbach A. M. G. Moody 
og for A. P. Boehmer N. Nelles 

dehy- D. L. Fiske H. B. Nottage 
» coal W. C. L. Hemeon F. G. Peck 
s_ulti- A. Giannini E. N. Robertson 
by in- E. N. Johnson P. H. Yeomans 
st the In the past, ASHAE has used Technical Ad- 
) visory Committees to work with the Committee on: 
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Research program 
to be expanded greatly 


BURGESS H. JENNINGS 


Director of Research 
ASHRAE Research Laboratory 


Research to give specific help to the Committee 
in fields of research interest. These committees 
have been of inestimable help to the research 
program, and to continue the fine type of work 
that they have done, similarly oriented Research Ad- 
visory Committees will be appointed for ASHRAE. 
These, of course, are special-function committees 
of the Society. It is expected that the Chairman 
of the Research and Technical Committee will 
make the Research Technical Committee appoint- 
ments in the immediate future. One of these com- 
mittees will be an Interim Research Advisory Com- 
mittee on Refrigeration which will act as an over- 
all guiding committee for the inauguration of proj- 
ects directly related to refrigeration. Ultimately, 
this will be replaced by the specific committees 
which will be formed to give coverage to research 
activities of this field. 

The officers and directors of ASHRAE have 
indicated that the present research programs of 
the Society will be actively pursued with other 
programs being added as rapidly as feasible. Con- 
sequently, some of the forward planning made by 
committees at the final meeting of ASHAE should 
be of interest here. Space does not permit detailed 
comments for all committees, so only some selected 
items will be listed. 

The Technical Advisory Committee on Sound 
and Vibration Control indicated the immediate 
need of determining performance parameters for 
acoustical lining in ducts. Associated with the activi- 
ties of this Committee, but yet independent of it, 
wis the Joint ASRE-ASHAE Committee on Equip- 
ment Sound Testing. At this time, the work of the 
Committee has progressed to the point where a 
third draft of a Standard for Measuring the Sound 
Radiated from Unitary Equipment by the Rever- 
berant-Room Method is now ready for circulation 
to members and to industry for criticism. This 
Committee also is exploring the need of preparing 
a standard for measuring the acoustic power de- 
livered by a fan or air-moving device to its connect- 
ing duct system. It is expected that this Committee 

(Continued on page 96) 
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Surface odor adsorption 


and retention properties measured 





W. F. HOPPER 


In order to develop a_ suitable 
method of measuring odor adsorp- 
tion and retention characteristics 
of various surfaces several fabrics 
were tested. Cotton, wool, nylon 
and rayon were chosen as the test 
fabrics, and iso-amy] acetate was 
used as the odor agent. Data on 
the odor retention properties of 
the first three fabrics are included 
here; however, data on rayon are 
not presented because the rayon 
samples did not adsorb enough 
odor to be measured. 

The method developed and 
explained is essentially an applica- 
tion of the syringe technique’ of 
odor evaluation and retention on 
various surfaces which have been 
exposed to odorous atmospheres. 
All steps in the procedure were 
carried out under controlled en- 
vironmental conditions. 


TEST APPARATUS 


Test Rooms. Preparation of sam- 
ples and odor appraisals were 
made in two test rooms’, separated 
by a corridor, 8 x 12 x 8 ft high 
and lined with porcelain-enameled 
steel having low odor-adsorption 
qualities. Test room doors were 
weatherstripped to reduce infiltra- 
tion of outside air. Inlet air was 





21Exponent numerals refer to References. 


W. F. Hopper is a Research Engineer, 
ASHRAE Research Laboratory. This pa- 
per, prepared for presentation at an early 
ASHRAE meeting is the result of research 
carried out at the ASHRAE Cleveland Re- 
search Laboratory. 
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filtered and deodorized by passing 
through one bank of mechanical 
filters, an electrostatic precipitator, 
a second bank of filters, two banks 
of activated carbon cells, and 
finally, through a_ high-resistance, 
high-efficiency filter. Air from the 
rooms was not recirculated but 
exhausted to outdoors. Three sepa- 
rate air conditioning systems, each 
with the necessary equipment for 
cooling, heating, and humidifica- 
tion, served the rooms and the cor- 
ridor. Air flow was regulated by 
adjustable dampers on the inlet 
side of the supply fans and meter- 
ing orifices were used to measure 
flow rates. 


Odor Adsorption Apparatus: Fab- 
ric samples were prepared for test 
by hanging in a glass jar, 11 in. in 
diam and 2 ft high, which was fitted 
with a tight cover. An open dish 
of odorant was placed in the bot- 
tom of the jar, and a second dish 
of desiccant solution was provided 
to maintain the relative humidity 
at the desired level. A small fan 
circulated the air within the jar. 


Bottles. Throughout the program, 
glass bottles 2-gal in size were 





Results of a study to find a suitable method of measuring 
odor adsorption and retention characteristics of surfaces 
are discussed herein. The method adopted is an applica- 
tion of the syringe technique. While data are preliminary 
with regard to characteristics of the tested materials 
(cotton, wool, nylon, rayon and wood strips), the method 
used appears to constitute a satisfactory procedure. Test 
data suggest that maximum odor adsorption rate of these 
fabrics during a 24-hr period in odorous air occurs at 
about 75 F and 50 percent relative humidity. 


used for storing and testing the 
odorized fabric samples. The bot 
tles were large enough to permit 
several openings before enough 
dilution took place to alter test 
results. Odor transfer to or from 
the corks was eliminated by wrap- 
ping the corks in frequently te. 
placed aluminum foil. 


Bottle Cleaning Apparatus. Nox- 
ious bottle odors were a major 
problem which appeared during 
the early stages of the test pro- 
gram. These odors had to be elimi- 
nated because they tended to mask 
or counteract the odor which had 
been intentionally introduced into 
the bottles. To reduce the bottle 
odors to a harmless level, the bot- 
tles were washed with dairy 
brushes, using an effective odorless 
detergent, and were boiled for 5 
min. After boiling, the bottles were 
placed neck down on a rack, and 
air which had been filtered and 
passed through activated carbon, 
was blown into them. 


Syringes and Accessories. For the 
syringe method of odor evaluation, 
twelve 100-ml syringes, twelve 
syringe caps, one 2-ml syringe, one 
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Fig. 1 Equipment used in syringe method of 
odor evaluation 


10-ml syringe and one _ transfer 
needle were used in conjunction 
with an individual nozzle for each 
panel member. The transfer needle 
consisted of a needle with a mat- 
ing head on each end to permit 
the joining of two syringes. The 
extra mating head was silver sol- 
dered in place. 

The individual nozzle con- 
sisted of a Luer Lok fitting for an 
I8-gage needle from which the 
needle had been removed and to 
which a plastic tube had been at- 
tached. The syringes and acces- 
sories are shown in Fig. 1. 

Washing of the syringes fol- 
lowed the same procedure that 
was used on the bottles. 


TEST FABRICS DESCRIBED 


The fabrics chosen for test were 
matched as closely as possible. The 
factors considered were weave, 
thread count, finish and weight 
per square yard. Since the fabrics 
were not custom made, but were 
obtained through standard sources, 
there were minor differences in all 
the factors with the exception of 
the weave. Table I lists the prop- 
atties of the fabrics used in this 
study, 


Odorants. Hexanoic acid was the 
frst odorant used in the testing. 
This odorant, which may be best 
described as “goaty,” was not only 
wpleasant to smell, but reacted 
with the metallic parts in the odor- 
ing jar. For these reasons, its use 
was discontinued. 

To replace hexanoic acid, iso- 
amyl acetate was chosen because 
ithad a strong and not unpleasant 

ana-like odor, and was not cor- 
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rosive. Since the odor of iso-amyl 
acetate is extremely perceptible, it 
was necessary to dilute the odor- 
ant so that better control of the 
samples in the loading tank could 
be obtained. Benzyl benzoate, a 
nearly odorless diluent, was used 
to reduce the vapor pressure of the 
odorant to 10 percent of its origi- 
nal level. The mixture used was 
13 parts by weight of iso-amyl ace- 
tate with 191 parts by weight of 
benzyl benzoate. W ith this dilu- 
tion at 75 F and 50 percent rh, 
the odor level of the iso-amyl ace- 
tate in the loading tank, in terms 
of threshold units, was reduced to 
one million. 


Threshold Concept. The term 
threshold is used as a measure of 
the concentration of an odorous 
mixture. The threshold level of 
odor perception is the lowest con- 
centration of odorous air mixtures 
which, when mixed with odor-free 
air, can be consistently identified. 
If an odorous mixture such as the 
one in the loading tank has to be 
diluted to 1 ppm to reach a thresh- 
old level, then the original odorous 
air is one million times more con- 
centrated than the threshold-level 
mixture or it has an odor level of 
one million thresholds. 


Fig. 2 Odor evaluation test bottles and syringes 


Syringes loaded with odor- 
laden air were prepared for classi- 
fication as to odor level by a dilu- 
tion process using odor-free air. 
By varying the amounts of odor- 
free air added to the odor sample 
under investigation, it was possi- 
ble to adjust the odor concentra- 
tion in the syringes until the odor 
was just recognizable or until the 
recognition threshold level was 
reached. For example, with several 
syringes loaded from the same 
odor source, one diluted with nine 
parts of air to one part of odor- 
laden air would impress on an ob- 
server a lower sensation of odor 
level than would a similar syringe 
loaded with three parts of odor- 
free air and one part of odor-laden 
air. 

Consider the contents of the 
100-ml reference syringe used in 
the investigation. At the nine dilu- 
tion loading, it would contain 10 
ml of odor-laden air and 90 ml of 
odor-free air, while at a dilution 
of three it would contain 25 ml of 
odor-laden air and 75 ml of odor- 
free air. If the odorant in the syr- 
inge with the nine dilution loading 
was just perceptible, the undiluted 
odorant would have a threshold 
level of ten, nine-dilution plus one. 
If, however, the original odor were 


TABLE I—PROPERTIES OF FABRICS TESTED 


Weight— 
Fiber Finish Oz/Sq Yd 
Cotton Greige 7.30 
Wool Scoured 
& Fulled 7.5 to 8.1 
Nylon Greige 8.0 
Rayon Greige 7.60 


Weave Thread Count 
Plain 48 x 48 
Plain 35 x 41 
Plain 38 x 38 
Plain 38 x 38 
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weaker and only three parts of air 
were needed to dilute it to thresh- 
old level, it would be described as 
a four-threshold odor, namely, 
three dilutions plus one. For a 
much stronger odor, the ratio might 
be equivalent to 0.1 ml of odor- 
laden air and 99.° ml of odor-free 
air or a ratio of 1 to 999; and this 
mixture, if its odor is just detecta- 
ble, would be described as having 
a threshold level of 1000 or merely 
as being at 1000 thresholds. 


PREPARATION OF TEST 
SAMPLES 


Cloth samples, used early in the 
program for the bottle testing 
method were of various sizes, rang- 
ing from 6 x 6 in. to % x % in, 
each having an area one-half of 
the next sample. All samples for 
the syringe method of evaluation 
were 6 in. square. Cloth samples 
were odorized for 24 hr in the 
loading tank and then aired at the 
desired environmental conditions 
for various periods of time ranging 
from 0 to 24 hr. At the end of the 
airing period, the samples were 
stored in tightly corked bottles for 
at least 24 hr prior to making odor 
evaluations. The 24-hr periods for 
odor loading and storage before 
testing were adhered to—to insure 
equilibrium conditions. 


ODOR EVALUATION 
PROCEDURE 


Bottle Testing Method. At the 
start of the program, bottle testing 
was suggested as a method which 
might be used to determine thresh- 
old levels. The bottle method con- 
sists of setting up different odor 
levels in a group of bottles by plac- 
ing odorous fabric samples of dif- 
ferent sizes in them. By removing 
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the corks one at a time and snif- 
fing, each subject selected a bottle 
in which the odor was at his thresh- 
old level. 

The method showed numerous 
inconsistencies which could have 
been caused by a number of rea- 
sons, an obvious one being the 
possibility of cross-currents of air 
mixing with the bottle odors at the 
mouth of the bottle during the 
process of test sniffing. The syr- 
inge testing method was so much 
more reliable that it was decided 
to discontinue bottle testing com- 
pletely. 


Syringe Testing Technique. To 
evaluate the odorous mixture in 
the bottle, a syringe technique 
adopted by ASTM! was used. The 
bottle cork was replaced by the 
cork and tube combination shown 
in the bottle in Fig. 1. The tube 
had a Luer Lok fitting on the outer 
end. Odorant mixture was then 
withdrawn from the bottle to fill a 
100-ml syringe. This syringe be- 
came the storage syringe, and the 
odorant mixture it contained was 
used as needed for testing. Trans- 
fer of the odorant mixture from 
the storage syringe was accom- 
plished by use of a transfer needle, 
also shown in Fig. 1. This was con- 
nected to a 2-ml or 10-ml transfer 
syringe, the size depending on the 
quantity needed. The transfer syr- 
inge, after loading, was then at- 
tached by the transfer needle to 
other 100-ml syringes which were 
prepared for testing. 

Each test syringe was charged 
by introducing a predetermined 
quantity of odorant mixture and 
then filling to the 100-ml mark 
with air from the relatively odor- 
free test room in which the odor 
evaluations were made. The syr- 





inge was then capped and allowed 
to stand for at least 15 sec to per. 
mit thorough diffusion of the ole 
ant. At the end of this period, g 
syringe could either be used for g 
test or its contents could be further 
diluted. When further dilution was 
desired, part’ of the contents were 

umped out, the syringe was te. 

lled with test-room air, and after 
15 sec, was ready for use. 

For each panel member, three 
test syringes, each containing a dif. 
ferent concentration of odorant, 
were prepared for each test sam- 
ple. These syringes, together with 
a fourth syringe containing back. 
ground odor, were arranged in 
random order for examination by 
the panel member. Two such sets 
of syringes could be examined by 
a panel member at one sitting be- 
fore olfactory fatigue became ap- 
parent. In addition to the two sets 
of four syringes, an additional syr- 
inge containing known background 
odor was always available to the 
panel member for reference. 

After a panel member had 
sniffed and reported his reactions 
to the four syringes in a given set, 
the observer prepared additional 
syringes containing concentrations 
slightly lower than the lowest con- 
centration originally detected. In 
this way the threshold level for 
each panel member was determined 
more closely. A low screen, shown 
in Fig. 2, between the observer 
and panel member, prevented the 
panel member from observing the 
preparation of the final syringes 
and thus being influenced as to 
the relative concentration of odor- 
ant in them. 

To evaluate the odor level in 
a syringe, a panel member con- 
nected his personal nozzle to the 
syringe, and inserted the nozzle 
into one of his nostrils. The mix- 
ture in the syringe was then ex 
pelled at a uniform rate over 4 
period of 2 to 3 sec while the 
breath was held. Holding ones 
breath was extremely important 
since breathing would further di- 
lute the sample and inaccurate test 
data could result. Since the odor- 
ant was injected directly into the 
nose, it reached the olfactory bulb 
without the aid of breathing. 


DATA PROCESSING 


The data sheet shown in Fig. 3 has 
been included as a means of illus- 
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THRESHOLDS 


AIRING TIME - MINUTES 


Fig. 4 Odor retention curve for cotton fabric 


tested 


trating the method of gathering 
data. It may be noted from the 
figure that subject EMC could de- 
tect no odor in the 99-1 and 49-1 
dilutions, but did detect the odor 
in the 24-1 dilution. Thus the di- 
lution ratio which would be at 
threshold level for this subject was 
between 24-1 and 49-1. Additional 
syringes were prepared having di- 
lutions within this range, and a 
32-1 dilution was finally judged to 
be at threshold level, or as noted 
in the threshold column, EMC’s 
odorant level was 33 thresholds. 
The dilutions used in the final syr- 
inges to pin-point the odor inten- 
sity were not noted on the data 
sheet. 

Analyses of the data presented 
a problem since there were large 
variations in perception levels 
among panelists. Averaging the 
results overemphasized the large 
variations among panelists, and the 
resulting average value was open 
to question. A median method 
gave less scatter of points but was 
only moderately successful. A 


Fig. 6 Odor retention curves for wool fabric 


tested 
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third method, the weighted geo- 
metric mean, gave the most con- 
sistent record of the test data. The 
weighted geometric mean (for one 
airing period) was found by plot- 
ting each panelist’s perception level 
at that airing period on logarithmic 
paper. After the points were 
plotted, the linear distance from 
the abscissa to each point was 
measured in length units, centime- 
ters or inches. The total of these 
linear distances was then averaged 
to yield a weighted geometric 
mean. The plotted points on the 
following graphs were obtained by 
this method. 


ODOR DESORPTION 
CHARACTERISTICS 


The odor desorption characteris- 
tics of the cotton, nylon and wool 
fabrics tested are shown in Figs. 
4,5, 6 and 7. The temperature and 
humidity indicated on each curve 
are those which were maintained 
throughout the loading, desorption 
and evaluation processes. 





AIRING TIME - MINUTES 
Fig. 5 Odor retention curves for nylon fabric 
tested 


Tests on cotton were made 
only at environmental conditions 
of 75 F and 50 percent rh as indi- 
cated by the single curve of Fig. 4; 
other tests were more extensive. 


The data for the nylon and 
wool fabrics are shown in Figs. 5 
and 6 respectively. For both of 
these fabrics, evaluations were 
made at 60, 75 and 90 F and 50 
percent rh, and at 75 F and 85 per- 
cent rh. 

The odor decay curves for cot- 
ton, nylon and wool for 75 F and 
50 percent rh have been plotted 
in Fig. 7 to permit easy compari- 
son. The threshold level at 1-min 
airing time may be taken as a 
measure of the odor pickup of 
each fabric during the 24-hr charg- 
ing period, while the slope of the 
curve indicates the rate of odor 
decay. From Fig. 7 it is evident 
that both the odor pickup and the 
rate of odor decay are essentially 
the same for the nylon and cotton 
samples tested. The wool sample 
adsorbed less odor during the 24- 


Fig. 7 Odor retention curves for cotton, nylon 


and wool 
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Fig. 8 Odor reten- 
tion curve for wood 


AIRING. TIME - MINUTES 


hr charging period but its rate of 
odor decay was also lower than 
that of nylon and cotton. 

The data presented are for 
only one bolt of each type of fab- 
ric, for a single odorant, and for a 
limited number of atmospheric 
conditions. Although no general 
conclusions can be drawn from the 
data, some trends are suggested. 
The curves for both nvlon and 
wool at 60, 75 and 90 F and 50 
percent rh (Figs. 5 and 6) show 
that the maximum odor adsorption 
during the 24-hr charging period 
occurred at 75 F, and that the ad- 
sorption both at 60 F and 90 F 
was considerably lower. This im- 
plies that maximum odor adsorp- 
tion occurs on fabrics at about 
normal indoor temperature. 

The curves for both nylon and 
wool at 50 and 85 percent rh and 
75 F show that odor adsorption 


during the 24-hr charging period 
was greater at the lower humidity. 
Additional studies on more types 
of fabrics with a number of odor- 
ants and at other atmospheric con- 
ditions are needed to determine 
whether the trends suggested are 
typical. 

For the purpose of making a 
rough comparison with a com- 
pletely different type of surface, 
three tests were made with wood 
strips of fir 142-in. wide and %- 
in. thick. The total area of the 
strips comprising each sample was 
approximately 72 sq. in., the same 
as the area of the two sides of the 
fabric samples. The data for these 
tests are plotted in Fig. 8. 


CONCLUSIONS 


1. The test method described is a 
satisfactory procedure for evalu- 





ating the odor adsorption an 

retention characteristics of many 

surfaces. 

The odor adsorption by the 
rayon sample tested was so loy 
that it could not be detected 
the test method used in this pro. 
gram. 

3. The syringe technique for odo; 
evaluation is more accurate thay 
the bottle method which wa 
used in the earlier part of the 
program. 

4. The data presented were gath. 
ered in the process of determin. 
ing the suitability of the tes 
method, and although limited in 
scope, do suggest the followin 
trends which may be worthy of 
note: 

(a) At 50 percent rh, maximum 
odor adsorption during a 24h 
period occurs at about 75 F, and 
is considerably less at 60F and 
90 F. 

(b) At 75F, odor adsorption 
during a 24-hr period is greater 
at 50 percent than at 85 percent 
rh. 


bo 


Further work will be necessary to 
confirm these preliminary findings, 
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Research program will be expanded greatly 
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(Continued from page 91) 
will continue its important work as an appointed 
Committee of ASHRAE. 

The Technical Advisory Committee on Com- 
bustion is carrying forward its plans for having an 
exploratory conference at the Laboratory to de- 
lineate the most pressing combustion problems 
requiring research for our industry. It has been 
found necessary to advance the date of this con- 
ference from March, when it was originally sched- 
uled, to a more suitable day during the week of 
May 17. Announcements will be made to the mem- 
bership concerning this as soon as further plans 
have been crystallized. 

At the meeting of the Technical Advisory 
Committee on Odors, a report was made on the 
odor programs which have just been completed 
in the odor test room, and an active plan of action 


was laid out for the immediate future. Before ad- 
ditional testing can be started, however, it was 
deemed necessary to re-survey present odor-con- 
trol methods. This study will explore the methods 
which are currently available either by adsorption 
processes, by use of odor counteractants and by 
masking agents. In addition to this, some thought 
will be given to any possibility of odor control by 
means of combustion methods. Odor control is of 
extreme importance to our whole industry as in- 
creasing evidence is coming to light that the widely- 
used method of air dilution as the main means 0 
controlling odors has severe limitations. As the 
research program gets under way, it will be neces- 
sary to develop standardized odorants which can 
be used for reproducing the various types of com- 
mon objectionable odors met in air conditioned 
spaces. 
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PRESIDENT’S PAGE 


The real 


meaning of 
ASHRAE 


Frankly, I am not greatly impressed by numbers. 
One hundred million people can be as wrong as 
they could be right or vice versa. If numbers alone 
counted India and China would be of greater sig- 
nificance in the world of today than is our own 
country. 


ASHRAE is far more than the nearly twenty 
thousand people engaged in a more or less com- 
mon activity using closely related engineering 
principles for the consummation of their individual 
goals. 


First, ASHRAE is opportunity — to improve 
upon things as they are, to broaden the horizons 
of accomplishment and to insure more efficient and 
economical use of materials, energies, resources 
and efforts. 


Second, it is figuratively a larger and more 
easily opened door for the man who has chosen 
engineering as a career and heating, refrigerating 
and air conditioning or ventilating as his field for 
activity. 


Third, it is a challenge that we make the 
most of the inherent possibilities created by this 
now more broadly enveloping professional society. 


Perhaps that sounds rather idealistic; you 
might have hoped that I would spell out in terms 
of specific things that would be personally reward- 
ing to you. I do not think that to be the way that 
a professional society should function nor the way 
that an engineer should approach his membership 
in such an organization. 
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CECIL BOLING 


It requires no great study to realize that 
over the longer interval we must give in order to 
get and that, in the final sense, the more we give 
the more we get. 


So let us approach the future of ASHRAE 
with the idea of how much we shall contribute as 
individuals to the possible progress of our Society, 
of our companies, of our associates and of ourselves. 


Many of us know of the long hours put into 
the development of Standards, the furthering of 
the work of committees, the preparation of meet- 
ings papers and other lesser chores which may seem 
to go unrewarded and little noted. I do not think 
that they are ever purposeless or lacking in true 
effectiveness. The question is did we give enough 
to make the activities worthwhile? 


As the first president of the American Society 
of Heating, Refrigerating and Air Conditioning 
Engineers, I feel that my part presently is to expe- 
dite organizational phases of the new Society for 
the sooner we establish ASHRAE as an operating 
entity the sooner we may proceed to those broader 
accomplishments which I envision for 1959 and 
later years. Other days will present other problems 
but if we have built well the future will be all that 
you and I have hoped in even our most optimistic 
moments. 
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What ASHRAE Chapters are doing 


Acoustics, insulation and hot water heating headed the wide range of technical 
topics at local meetings. Some combined chapters and sections, and other groups 
meeting separately, covered subjects from food storage to solar energy. 


DAYTON Members of both 
societies planned to meet jointly in 
February to hear Thom Muir, pub- 
lishing director with Industrial Pub- 
lishing Corporation, on the View 
from the Top of a Masthead. 

ASRE men were addressed by 
Warren Spofford, heating and cool- 
ing systems engineer, General Elec- 
tric Company, in January. With his 
subject, Design and Application of 
Residential and Commercial Heat 
Pumps, he discussed the basic de- 
sign consideration for air to air heat 
pumps. 

He showed curves of output vs. 
input to the heat pump under vary- 
ing outdoor temperatures and ex- 
plained how the heat pump capacity 
could be balanced against the heat 
loss characteristics of the conditioned 
space. 

He covered briefly the special 
controls required for successful heat 
pump operation, including defrost 
controls, two-stage heating room 
thermostats, and supplementary elec- 
tric heat. 


LOS ANGELES (R). . . Dehumidi- 
fication is coming of age, said C. J. 
Otterholm, engineer for Richard 
Dawson Company, partly due to the 
extensive missile and rocket propel- 
lent development program. 
Speaking at the January meet- 
ing, he explained that some applica- 
tions are more economical using 
solid or liquid desiccants, but re- 
frigerated dehumidification is better 


suited for most jobs. Missile pre- 
flight dehumidification puts strict 
demands on the refrigerated system, 
he said; the refrigeration plant must 
operate automatically from no load 
to full load continuously. 

Air to air heat exchangers are 
used in some systems, he continued, 
to obtain up to 40% sensible heat 
recovery. The heat exchangers are 
constructed of 0.025 in. % hard alu- 
minum, operating with a velocity of 
1000 fpm. 


ARIZONA (H)... L. S. Wirt, en- 
gineering specialist, acoustics, Ai- 
Research Manufacturing Div of Gar- 
rett Corporation, presented a talk on 
Sound recently. He covered prob- 
lems encountered specifically in the 
air conditioning industry. 


AUSTIN (H) . . . Electrostatic Air 
Filters were the subject of a talk by 
W. P. Dickson, senior sales engineer, 
(Dallas) Minneapolis-Honeywell Reg- 
ulator Company, when he spoke to 
members of this chapter recently. 

At an earlier meeting H. FE. 
Straub, research engineer, Titus 
Manufacturing Corporation, gave 
facts on air distribution, in which 
items such as primary air, total air, 
concept of a stagnant layer, natural 
convection currents, return intake 
and room air all play an important 
part. One of his conclusions was 
that any single supply outlet will 
not effectively suffice for both heat- 
ing and cooling. 








CLEVELAND .. . The wide 
ceptance of high-velocity air 
tribution as a practical and 
nomical system should spur the 
gineer to learn all he can about 
said Elliot Godes, Anemostat Gy 
poration, at a combined meeting 
the two societies in February. 

A successful high-velocity 
system must be simple, co 
and flexible, he stressed. 

In January, at the last 
ASRE meeting, George Sinichh 
Dunham-Bush Company, spoke « 
Air Cooled Condensers in use in Ai 
Conditioning. 


















DETROIT (R) . . . Two men intk 
automotive industry planned to 
members of this section in Februar 
to discuss Automobile Air 
tioning. 

J. D. Loveley, in charge of 
rection of activities involving desig. 
development, testing and releasing 
all vehicle air conditioning units# 
Chrysler Corporation, and Rus#l 
D. Foley, Automotive Div air co 
ditioning engineer, American Motos 
Corporation, were the guest speit 


ers. 


SOUTHWEST TEXAS (H)...].? 
Licandro, district chief engine 
Carrier Corporation (Dallas) pt 
sented a talk to members on the sub 
ject of Absorption Refrigeration 
Using slides, he traced the cycled 
lithium bromide involving balaneitt 
of pressure and temperature. He 





CHAPTER AND SECTION DATES* Mar. Awe. Me 
Florida West Coast (R) ...... o- ee 
Fost Westh- CB). 026. c.. cis 18 15 i 
Mar. Apr. May Mar. Apr. May | | Serre 0 B ' 
a So ee 13 11 Central New York (H) ....... 18 15 20 Gelden Gate (H) ..........-. 5 2 ! 
a a a eee 19 16 21 Central New York (R) ........ 18 15 13 Hudson-Mohawk (R) ...... an 20 5 
Fee ee ee ee 2 6 4 Central Ohio (H) ............ 16 20 18 eB (SEs re 3 7 7 
METI gos on 3 sd dene 19 21 19 Central Pennsylvania (R) .... 10 8 6 SL 3 Pe 9 1B 4 
Baltimore (H) Links coils k she 18 15 20 eS | errr 12 9 14 Illinois-lowa (H) ..........-- 16 20 % 
Baltimore (R) oon ee ; a 2 7 ee ee ere 3 7 5 ee | ere 24 28 4 
Baton Rouge (H) ............. 18 15 20 ee ek | Reese 16 20 ~ Indianapolis (R) ..........-: 18 15 1 
Birmingham (R) ............. 18 18 14 Chovtiens AR) ...ic55.6. 23; 2 4 2 Inland Empire (H) .........- 2 6 I 
GT: | er eeeneee 9 13 11 ee eee ee oe 9 13 11 Bee HOMES. 0. tis 52.8 ete ee BGS 
British Columbia (H) ........ 1l 8 13 DEPP ETET 23 27 25 Jacksonville (H) ...........-- 3 7 a 
> Sa Seer eee 3 7 5 Connecticut (H) ...........-%. 19 16 21 Jobmstows CH): ©. iiss. cise des _ 7 ; 
NU ee aa a'es passa’ 5-06 5 — * Connecticut Valley (R) ....... 12 9 14 Oa 3 <a 
SN IND. he oss Sk. ee ecas 13 >. 20 8 . ~ Dallas-Fort Worth (R) ...... 9 13 ll ee a) errr 2 » 8 
= Central .Michigan {R)..™:..:.. 19 4-.716 21 SS eee ee 10 14 23 Kansas Clty {R) ..: «005 cs000n 16 oa 
= ESE Ser eee 17 21 19 Long Island (H) ...........-> 9 ee 
3 POE IS oe SS Serre 9 6 4 Les Angeles (BR) .....6cccscres ~~ 7 % 
* Pending establishment of unified ASHRAE Ot ey re ret yy car 16 20 18 Leulaville (BR). osc i... eee 23 3 8 
chapters, meetings of former ASHAE Chapters Empire State Capital (H) ... ll 8 13 eee Se eee cee 26 a1 B 
(H) and former ASRE Sections (R) are proposed ONS DE airy are ee — 14 10 Massachusetts (H) ..........: 17 0 8 
= upon the basis indicated above for early months. Evansville (R) ............... 3 7 5 eens SIR) oe sivcns nerwsoey 16 
STUUNNNU ANAL NLALSNA DUAL THAN DONQENLALA CA TEN UAE DUARTE A MMMM 


98 ASHRAE JOURNAL ‘ 





THULIN 





The wide 


city air 
cal and 
| spur the 
can about 
emostat 
d meeting 
bruary. 










(H) ... J.P 
f engine, 
Dallas) pie 
; on the sub 
efrigeratio. 
the cycle 
1g, balancing 
rature. fe 
ar, Apr. sal 
. som 
; oo 
5 2 
6 wee 
3 1 
9 wae 
— 
4 2m 
s ta 
2 €e 
—_ 
5 tan 
- | a 
- 
1B . 
- 2. 
23 ; 
Ss 
Te 


RNAL 








mers fiNNSUAT LILI GEE 


included the generator, condenser 
and absorber with the heat ex- 
changer in the cycle. 

Pointing out the advantages 
and disadvantages of steam vs. elec- 
tric power, he also compared initial 
and operating costs and related fac- 
tors. 


INDIANAPOLIS (R) . . . Debate on 
hermetics and semi-hermetics vs. 
open belt type compressor units was 
the feature of the February meeting. 
A. R. Seebach, Jr., and John Snellen- 
berger were on the side of hermetics, 
while William Friege, Jr., and James 
Smith spoke on the better points of 


open type units. 


ATLANTA & GEORGIA .. . Meet- 
ing jointly in February, members 

ned to hear Dr. J. G. Woodroof, 
Chairman of the Div of Food Tech- 
nology, University of Georgia, on 
the Refrigeration of Foods. 


BALTIMORE (H)... R. J. Caffrey, 
sales engineer, Johnson Service Com- 
pany, delivered a talk to this chap- 
ter recently on Pneumatic Control 
Centers. 


BIRMINGHAM (R).. . Fans and 
their Practical Application were on 
the agenda for the January meeting 
of this section. H. D. Diffenbaugh, 
manager, Fan Department, Ameri- 
can Blower Div of American-Stand- 
ard, was the guest lecturer. 


KANSAS CITY (H) . . . Dividing 
his talk into two parts, M. E. Coobs, 
Johnson Service Company, dealt first 
with the control of centrifugal and 
reciprocating refrigeration machines 
and then covered the control of cool- 
ing coils. His lecture was entitled 
Refrigeration Controls as Applied to 
Air Conditioning. 
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CHICAGO (R) . . . Three talks in 
all were planned for the mid-Febru- 
ary meeting. Before dinner mem- 
bers heard W. J. Monkerud, Chief 
of the Service Department, Air Com- 
fort Corporation, on a Service De- 
partment’s Function. He covered its 
organization, principles, aims and 
customer service. 

After dinner, two programs ran 
simultaneously. At one, Otto J. Nuss- 
baum, Chief Engineer, Kramer- 
Trenton Company, covered the Ap- 
plication Merits of Air Cooled Con- 
densers, Cooling Towers and Evapo- 
rative Condensers. 

At the other, Mrs. Florence B. 
Anderson, Norge Div, Borg-Warner 
Corporation, discussed Future De- 
sign Trends of Household Refriger- 
ated Products. 


NEBRASKA (H) . . . Meeting re- 
cently, this chapter heard T. W. 
Peterson on Temperature Controls 
with Hot Water. He is sales engi- 
neer, Barber-Colman Company. 


LONG ISLAND (H) . . . Vice presi- 
dent, Sarcotherm Controls, Inc., 
T. R. Stevens met with members of 
this chapter recently to discuss hot 
water heating, application, design 
and installation. 


LOUISVILLE .. . The art of pour- 
ing foamed in place insulations, as 
well as other applications of foam 
insulations were planned for discus- 
sion at the January meeting. Dr. 
Robert W. Finholt, Manager of 
Chemistry Laboratory, Appliance 
Park, was the guest speaker. 


EVANSVILLE (R).. . Noting that 
Refrigerant Blown Urethane Foams 
are of particular interest in refrig- 
eration because of the low K factor 
which permits thinner insulation, 
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J. J. Gorman, technical sales rep re- 
sentative for the Elastomer Chemi- 
cals Department, E. I. du Pont de 
Nemours & Company, chose them 
as his topic at the February meet- 


ing. 


JACKSONVILLE (H) . . . Package 
Generators were the subject of a 
talk given by W. T. Gardner, Cyclo- 
therm Div, National-U.S. Radiator 
Corporation before members of this 
chapter. 


ILLINOIS (H) . . . Using slides to 
illustrate air distribution in its better 
forms, Peter Van Dae, manager, 
sales promotion, Barber-Colman 
Company, addressed chapter mem- 
bers recently. Air outlets actually 
are functional now and no longer 
are to be considered merely items to 
be treated artistically, he said. 

Air distribution is more notice- 
able in winter than in summer, he 
went on, because of the tendency of 
people to complain of drafts. A class- 
room unit ventilator air supply may 
vary from 55 to 90 F; it is air deliv- 
ery that is important here. 

Several important factors which 
he stressed in grille selection are 
temperature differential, height and 
length of room and architectural ob- 
structions. He concluded his talk 
with a discussion of noise level meas- 
urements. 


WASHINGTON, D.C. (H) 
Many different types of air condi- 
tioning systems being designed and 
installed in multi-story office build- 
ings came under the scrutiny of 
M. J. Wilson, product yc 
Carrier Corporation, in addressing 
members recently. 

Generally, he said, these sys- 
tems fall into the categories of air- 


water systems, all air systems and 
(Continued on page 135) 
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Meetings ahead 





March 1-4—National Association of 
Frozen Food Packers, 18th Annual 
Convention and Machinery and Sup- 
plies Exposition, Conrad Hilton Ho- 
tel, Chicago, Ill. 


March 9-12—Aviation Conference, 
sponsored by the aviation div of The 
American Society of Mechanical 
Engineers, Statler Hilton Hotel, Los 
Angeles, Calif. 


March 16-20—Western Metal Exposi- 
tion & Congress, 11th Congress, 
Pan-Pacific Auditorium and Am- 
bassador Hotel, Los Angeles, Calif. 


March 16-20—National Association of 
Corrosion Engineers, National 
Meeting, Sherman Hotel, Chicago, 
Ill. 


March 31-April 2—2lst American 
Power Conference, Hotel Sherman, 
Chicago, Ill. 


April 1-3—Gas Appliance Manufac- 
turers Association, Annual Meet- 
ing, American Hotel, Bal Harbour, 
Fla. 


April 2-5—The Refrigeration Re- 
search Foundation, Statler and May- 
flower Hotels, Washington, D.C. 





April 5-9—National Association of Re- 
frigerated Warehouses, Statler and 
Mayflower Hotels, Washington, 
D. C. 


April 5-9—Edison Electric Institute, 
Annual Convention, New Orleans, 
La. 


April 29-May 4—Oil Heat Institute of 
America, Inc., Annual Convention, 
Seattle, Wash. 


May 3-6—Air-Conditioning and Re- 
frigeration Institute, Board and 
Annual Meeting, The Homestead, 


Hot Springs, Va. 


May 17-20—Industrial Heating Equip- 
ment Association, Inc., The Home- 
stead, Hot Springs, Va. 


May 25-28—Design Engineering 
Show, 4th Annual Exposition and 
Conference, sponsored by the ma- 
chine design division of American 
Society of Mechanical Engineers, 
Philadelphia, Pa. 


June 11-13—Heat Transfer and Fluid 
Mechanics Institute, University of 
California, Los Angeles, Calif. 


June 22-24—American Society of 
Heating, Refrigerating and Air 
Conditioning Engineers, first annual 
meeting, Lake Placid, N. Y. 
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People 


T. W. McLorg has been selected full-time executive secretary of the ne 

formed Canadian Refrigeration and Air Conditioning Association, a composite 
of manufacturers, contractors and wholesalers. ASHRAE members elected 
office at the late January meeting included I. M. Bodine, general sales manager, 
Keeprite Refrigeration Ltd., as president; John B. Graydon, general manager, 
Robert Elder, Ltd., lst vice president; and Walter Smallwood, owner, Small. 
wood Equipment Sales, 2nd vice president. Chosen for the CRACA National 
Board of Directors were J. F. Gibbs, Refrigeration Supply; W. J. A. Marshall, 
Marshall Refrigeration Company; E. G. Pullen, Air Coils Manufacturing Com 
pany; L. Milligan, district manager, Robbins & Myers Company; J. C. E, 
Lowcock, deputy div manager, Linde Hall Div of J. & E. Hall; and H. G.§, 
Murray, president, Murray Air Conditioning Ltd. Only companies or individ 
ual operating as companies are eligible for membership in the new organization, 


Norman F. T. Saunders becomes managing director of 
Kelvinator, Ltd., a British subsidiary of the American 
firm, after twenty years as general manager of Coldair, 
Ltd., refrigeration products subsidiary of General Electric 
Company, Ltd. (of England). An engineering graduate of 
the University of Glasgow, he has written several technical 
papers, and a book on Factory Organization and Man- 
agement. In his new capacity he will head the new manu- 
facturing facilities of Kelvinator at the Bromborough, Eng- 
land, location. 





Walter R. Yeary has been named manager, residential projects engineering, 
air conditioning department, General Electric Company, in Tyler, Texas. He 
is the author of numerous technical papers and magazine articles on heating 
and air conditioning applications. 


Dennis Timmons will act as an application engineer at the Dunham-Bush, Ine, 
plant in Riverside, Calif., and as sales engineer in the Riverside area in his new 
post with that firm. 


Fred G. Peck has been chosen vice president—engineering 
by the Ranney Refrigerator Company. Formerly em- 
ployed by Victor Products Corporation, he joined his 
present firm in 1952 as chief engineer. He is presently 
an Associate Editor on the Unitary Refrigeration Equip- 
ment Section of the Refrigeration and Air Cons 
Equipment volume of the ASHRAE Data Book plan 
for later publication. He also served on the ASRE General 
Technical Committee. 


J. M. Lizotte has been appointed manager of the Trane Company of Canada 
sales office in Quebec City and district. He has been sales engineer with the 
firm in all fields of air conditioning, heating and ventilating. 


F. E. Dennison retires as manager of quality control and inspection, York Div, 
Borg-Warner Corporation. 


William V. Mauer, president, Custom-Temp Corporation, Industrial Manu- 
facturers, has been elected president of the New York State School Boards 
Association. 


Charles J. Moll is covering the southwestern region as sales manager with 
Westinghouse Electric Corporation. He will headquarter in St. Louis. 


Robert Allan moves to Detroit headquarters where he will be sales representa 
tive for Wolverine Tube, Div of Calumet & Hecla, Inc. 


Russell H. Burgess has been elected vice president in charge of the air condi- 


tioning and cool-heat departments of Drying Systems Company, a div of 
Power Tool Company. 
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Others are saying — 


that....-- where and how to purge 
non-condensable gas from ammonia 
systems is not an agreed upon proce- 
dure. Authors D. D. Wile and T. H. 
Rea approach the problem from the 
somewhat different angles of points 
of non-condensables concentration 
and trap performance and connec- 
tions. Industrial Refrigeration, Janu- 
ary 1959, p 12. 


= a based upon a generator 
with a linear speed/voltage charac- 
teristic delivering 12 volts at maxi- 
mum speed of 3000 rpm a remote- 
reading vane anemometer for medi- 
um velocities has been developed. 
This device has a torque opposing 
rotation of less than 1 grm/cm. A 


roter, 4 in. diam and fitted with 
eight blades, has been mounted di- 
rectly on to the generator shaft, and 
the vanes are protected by a brass 
band which is supported on the cas- 
ing of the generator. The upper limit 
of air speed which may be measured 
with this type of anemometer is de- 
pendent upon the upper limit of rota- 
tional speed for which the generator 
is rated (here, 3000 rpm). Journal 
of The Institute of Heating and Ven- 
tilating Engineers, January 1959, 
p 278. 

Ns Hiaciws more and more atten- 
tion is being focused on control of 
rising noise levels in the home. While 
the decibel as a unit of measure has 





Carl F. Kayan, professor of Mechanical Engineering, Columbia University, 
received one of the Great Teacher Awards from that university’s Society of 
Older Graduates. Columbia College and School of Engineering graduates who 
received degrees at least 30 years ago, and who have continued to give service 
to the university comprise the members. His citation read in part “ 


honored . . . for his research and writing, particularly in the important areas 
of heat-transfer, air conditioning and refrigeration, he is honored most by 
the place he earns in the hearts of those he teaches... ” : 


Merlin J. Holst will be responsible for OEM sales within the refrigeration 
industry in his new position as Sales Manager, Refrigeration Products, Wall 
Tube and Metal Products Company. A graduate of the University of Michigan 
Engineering College, he has been active in many phases of management with 
the firm for the past 10 years. ‘ 


Robert Carow, owner of Bob Carow Company in Lubbock, Texas, has beca 
named sales engineer in the Texas Panhandle territory of Acme Industries, Inc. 


Hal K. Jennings, for the past 10 years vice president of Kuempel Company, is 
now director of Keco Industries, Inc. new commercial and industrial contracts 


div. 


A. J. Lane, District Manager (Atlantic Central area) for Dole Refrigerating 
Company, was elected International Director of the Refrigeration Service 
Engineers Society. In his position with the society he will represent the 
Carolinas, Georgia and Florida. 


Roy G. Trafton becomes associated! with the refrigeration div of McIntire 
Company as district representative for its line of DFN driers, filters and 
strainers. Formerly with Alco Valve Company, he will cover Arkansas, 
Louisiana, Mississippi and western Tennessee. 


Joseph S. Michener will work from Edmonton in his new appointment as 
western district manager for Dunham-Bush of Canada, Ltd. 


Stewart E. Lauer retires as chairman of the board of York Corporation (a 
subsidiary of Borg-Warner Corporation), and as chairman of the supervisory 
board of the York Div of Borg-Warner Corporation. He has been with the 

for nearly 48 years. A mechanical engineering graduate, University of 
pennsylvania, he was recently the recipient of an honorary degree from 
sep College for his outstanding work as engineer, industrialist and citizen. 
Mr. Lauer will remain active in a consulting capacity. 
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unlimited applications in acoustics, 
the lay tendency to mis-use it or in- 
terpret it as a valid single number 
measure of subjective reaction to 
noise creates many problems. A more 
suitable approach is to translate the 
results of a noise evaluation into 
terms of predicted level of consumer 
acceptance. Noise Control, January 
1959, p 48. 


that six basic systems of 
air conditioning for ships include 
zone control, room volume control, 
terminal reheat, air-water induction, 
dual duct and dual conduit. It is im- 
possible to claim that any one system 
is best for all ships, because of the 
wide variations in structure, perform- 
ance requirements and economic 
factors. Marine Engineering/Log 
February 1959, p 62. 


a a, 16" 50 Se 


Ce. ee conditioning of rooms 
by means of air displacement is ad- 
vantageous only in the case of a 
great air exchange rate. Results of 
experiments with air jets may be 
correlated by means of simple mathe- 
matical equations which serve as a 
basis for further calculations. The 
behavior of a single air jet in a 
limited space has been investigated, 
allowing for an estimation of the 
depth of penetration of a plane jet 
which enters the air space in the 
vicinity of the ceiling. Kaltetechnik, 
January 1959, p 3. 


that cold storage for cut 
dried fruits is recommended to elimi- 
nate the problem of deterioration and 
loss of color occurring in the time 
between field drying and marketing. 
Formerly, ordinary temperature stor- 
age resulted in an inferior looking 


product. Canner/Freezer, February 
1959, p 2. 
er three refrigerated sea 


water tanks in the 45 ft Canadian 
salmon troller Ruth G II are in a 
set across the vessel, allowing a hold- 
ing of 17,000 lb. 30,000 lb more may 
be carried in the conventional hold. 
This spacing of the three tanks per- 
mits running in three different con- 
ditions of loading without ballasting 
with another tank. Refrigeration is 
supplied by a high-speed automotive- 
type compressor, belt driven from the 
main engine and controlied as re- 
quired. Progress Reports of the Pa- 
cific Coast Stations (Canadian), No. 
112, December 1958. p 3. 
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FREE 


Technical 


Literature 
from DuPont 


Up-to-date, accurate data on 
properties, uses and handling 
of Freon* refrigerants. 


There’s no obligation when you send 
forthese Du Pont technical bulletins. 
Most of these bulletins derive from 
original Du Pont research designed 
to make Freon* refrigerants better 
and to help you in their use. This is 
thekind ofservice which only Du Pont 
offers on such a comprehensive and 
continuing basis at no extra cost. It 
will pay you to specify ‘“‘Freon’’ be- 
cause you can rely on Du Pont for 
technical leadership in refrigerants. 


Check the free technical bulletins 
you want and mail coupon. If you 
need technical information not cov- 
ered here, ask your “Freon” Prod- 
ucts Division sales representative 
or write: E. 1. du Pont de Nemours 
& Co. (Inc.), “Freon” Products 
Division 113, Wilmington 98, Del. 


premium quality 


refrigerants 


QU POND 


REG. YU. 5. PAT. OFF 


ETIERTHINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


* 
aaend combinations of Freon- or F- with numerals 
Du Pont’s registered trademarks for its fluorinated 
refrigerants. 
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B-3 Shipping Containers for “Freon’’ Compounds 
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STANDARDS PAGE 


Emphasis tor Standards 


Development and promulgation of 
industry standards will be one of 
the most important activities of 
ASHRAE. Sec. 8.8.24 of the By- 
Laws charges your Standards Com- 
mittee with the selection, develop- 
ment, and preparation of all codes 
and standards in the fields of heat- 
ing, refrigeration, and air condi- 
tioning and ventilating engineer- 
ing. The activities of the Standards 
Committee shall be solely for the 
development of engineering sci- 
ence and it is further charged to 
cooperate with other industry or- 
ganizations in the development, 
preparation, and adoption of codes 
and standards. 

The membership of the first 
Standards Committee of ASHRAE 
will be made up of the members of 
the previous Standards Committees 
of ASRE and ASHAE. Cooperation 
with similar standards groups in 
allied industry and government 
agencies will be continued on an 
expanded basis. In this manner it 
will be possible for ASHRAE 
standards to be of maximum bene- 
fit to those using them. ‘ 

It is planned that close liaison 
will be maintained between the 
subcommittees developing ASH- 
RAE standards and all groups who 
may have an interest in these stand- 
ards. Many Society members are 
interested in the development of 
industry standards and in order 
that this group may have a source 
of information on existing industry 
standards concerning the areas of 
interest in ASHRAE, there will be 
a monthly column in the ASHRAE 
Journal reviewing new or revised 
standards. 

Specific questions with respect 
to any of the standards reviewed 
may be submitted to the technical 
secretary. A similar review space 
covering standards in the refrigera- 
tion and air conditioning fields was 
included as a part of Refrigerating 
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A. T. BOGGS III 
ASHRAE Technical Secretary 


Engineering. During 1958 the pre- 
vious column reported on 66 in- 
dustry standards or reports con- 
cerned with standards. Eleven na- 
tional bodies developing standards 
for industry were included and it 
is planned that the established con- 
tacts with these groups will be 
maintained. With the wider scope 
of responsibility for ASHRAE 
standards activities, it will be nec- 
essary to expand this liaison activ- 
ity so that standards covering the 
entire temperature scale may be 
brought to the attention of society 
members. For those members who 
have interests in national and in- 
ternational aspects of industry 
standards, the development and 
availability of standards in these 
areas will be included. 

A technical society will pro- 
gress and serve the industry in 
direct proportion to the willingness 
of the members to serve on na- 
tional and local committees. ASH- 
RAE has a tremendous wealth of 





The unfolding atom and space 
age with its unprecedented scien- 
tific discovery and technological 
development calls for correspond- 
ing advances in standards and 
their application to science, in- 
dustry, commerce and trade. The 
responsibility for progress does 
not rest alone with the National 
Bureau of Standards — it must be 
shared by everyone concerned 
with standards.——A. T. McPher- 
son, Associate Director, National 
Bureau of Standards, so addressed 
the Southern Weights and Meas- 
ures Association on October 28, 
1958. 







































engineering talent covering ill 
pects of heating, refrigeration, , 
air conditioning. If any membe 
particularly interested in standg 
and would be willing to 
subcommittees developing Soc 
standards, it is requested that § 
interest be brought to the attent 
of the Standards Committee, 


ARI Certification Program: " 
first edition of the Directory 
Certified Unitary Air Condition 
was made available during the: 
week of January. This report i 
result of the program initiated 
eral months ago by ARI in coop 
ation with National Warm | 
Heating and Air Conditioning A 
The directory is being made aj 
able to the public through dej 
and contractor outlets of the 317 
ticipating companies, which pi 
duce more than 80% of all thet 
tary equipment manufactured int 
U.S. Copies will also be availab 
from Better Business Bureaus 4 
direct from ARI. The directo 
lists the Btuh ratings of the unital 
equipment produced by 20 of @ 
31 cooperating companies. D 

on the others will be included ii 
subsequent supplements to be i=” 
sued on a monthly basis, as 1 

quired. The certification program 

is based on firm, enforceable con- 

tracts, under which the seal of cer- 

tification may be withdrawn if 

equipment does not meet the 

claimed ratings. It is not a “volun- 

tary” program, once a contract {0 

participate has been signed. 





Foreign standards: The Americat Bveeyb 
Standards Association (ASA) is the” | stem 
national clearinghouse and coordi- ot onl 
nating body for standardization m  } "¥s j 
the U.S. and represents Americad | "quire 
interests in international stan foryou 
work. ASA has available English Com 
translations of several German be d 
(Continued on page 108) oar 
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...and that’s what they get 


when you select Westinghouse motors 


for your air conditioning systems 


Bvcybody appreciates a quiet-running air conditioning 
-+. Many people, by the very nature of their work, 

tot only desire it, they demand it. And, one of the surest 
"8 you can give your customers the quietness they 
quire is by selecting Westinghouse Life-Line® “‘A” motors 
‘your industrial and commercial air conditioning systems. 
Completely sound-engineered, each Westinghouse Life- 
. A” receives a total of 34 separate checks and tests 
make sure that you get the quietest motor available 
y *».&@ motor which will contribute substantially to 
Satisfaction your customers receive from your air 

tioning systems. 


In addition, your customers will benefit from greatly 
simplified motor maintenance. Pre-lubrication coupled 
with fortified insulation and close-tolerance machining 
makes the Life-Line “A” the nearest thing to a main- 
tenance-free motor available. 

For more information on the Life-Line “A” for air 
conditioning drives, contact your Westinghouse represen- 
tative. Or, write Westinghouse Electric Corporation, P.O. 
Box 868, 3 Gateway Center, Pittsburgh 30, Pa. J-22127 


you can BE SURE...1F ITs Westinghouse 
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*We are now producing Bronson Fan 
Blades under the Revcor name in our 
Plant, from the tools, dies and ma- 
chinery acquired from the Bronson 
Fan Co. 













MULTI-BLADE PRESSURE 
SERIES 

For Refrigeration and Air 
Conditioning Applica- 
tions. With or Without 
Slinger Ring. 
































STATIC PRESSURE SERIES 
For efficient Air Deliver- 
ies Against Static Pres- 
sures. 


PRICE SAVER 
(ALL PURPOSE) SERIES 


All Purpose Fan Blades. 


















ONE PIECE SERIES 
Low Cost Fan Blades for 
Freezers, Air Condition- 
ers, Refrigerators, etc. 







SPACE SAVER SERIES 
Solves Problems of Lim- 
ited Space. 

























HI-STATIC SERIES 
For Use Where High 
Static Resistances Are En- 
countered. 


ATTIC FAN SERIES 
Knock-Down Design. 
Heavy Duty Belt-Driven 
Applications. 


HURRICANE SERIES 


For Use Against Low 
Static Resistances. 






Diameters Ranging From 
6'' Through 48''. Perform- 
ance Data Available For 
Various Blade Pitches 















BLOWER WHEELS 


XK 
@ O FAN BLADES 
ye 


INLET RINGS - 


AVAILABLE: TECHNICAL DATA THAT WILL 
KEEP YOU UP TO DATE ON THE LATEST D 
MENTS IN THE AIR IMPELLER FIELD! Let 
your name on our mailing list for this cu 
forthcoming important and useful material 
cost or obligation of course. Simply write | 
on your Company letterhead. es 


WHEEL HOUSINGS 
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Reveor INC. 251 EDWARDS STREET CARPENTERSVILLE, ILLINOI 
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| Honeywell =a 


THIS FACTORY DEVOTED EXCLUSIVELY TO THE MANUFACTURE OF CONTROL PANELS 


Six ways you benefit 
from choosing Honeywell 
control panels 


e Honeywell devotes an entire factory—72,000 square feet, 175 people 
—to the design and manufacture of control panels that perform better 
for you, are more reliable, and cost less. 








e Honeywell control panels give you one-manufacturer responsibility. 
All panel components are made, matched and backed by Honeywell 
to insure highest quality, perfect performance. 


e Honeywell offers you a complete line of standardized control panels 
to choose from, including panels for surface or flush mounting, panels 
with cover locks and bull’s-eye pilot lights, panels for electric or elec- 
tronic control. 


© Honeywell will engineer control panels to meet unusual control 
requirements. Flexible facilities, volume purchasing will make them 
available to you in short time, at less cost. 


¢ Honeywell standardization of design and manufacture gives you a 
better panel at a lower cost. Wherever possible, the same transformers, 
terminal strips, subpanels, cases, test equipment, etc., are used for 
hundreds of different panel types. 


e Honeywell service parts and reliable installation help are always 
quickly and conveniently available from any one of 112 sales and 
service offices across the nation. 

For more information on our complete line of control panels, call your 
local Honeywell Office. Or write Minneapolis-Honeywell, Dept. 
RE-3-31, Minneapolis 8, Minnesota. 


A highly skilled, flexible organization permits immediate 
development of new control panels with a minimum of delivery time. 


Honeywell 
Fiat tw Coteol 














For programming and sequence control 





For large refrigeration machines 





For package chillers 





For remote indication and adjustment 





For electronic control 











re 
L For year round air conditioning 





from blowers 
to bobbins... 


take advantage 


“VAW'! 








* Varied 
Assembly 
Work 


8 
«x 
oO 
S 


Whenever you need stamp- 
ings plus assembly work... 
remember to call on us. 


Scores of customers... from 


coast to coast... use this 
PLUS-SERVICE each year. 


Added facilities and person- 
nel now make it easy for us 
to handle more of this work 
... and at prices competi- 
tively attractive. 

Be sure to contact us the 
next time you need stamp- 
ings, plus assembly! 


DETROIT STAMPING 
COMPANY 


386 Midland Ave., Detroit 3, Mich. 
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Depend on Detroit! 








STANDARDS 


(Continued from page 104) 





French industrial standards. The 
German standards cover specifica- 
tions including screws, washers, 
nuts, bolts, test methods for steel 
and various nonferrous metals, 
welding, plumbing fixtures, and 
inch-millimeter conversion. Among 
the subjects covered in French 
standards are zinc alloy ingots, 
blast furnace cements, and con- 
veyor belting. The complete list of 
the available standards as well as 
the individual standards can be 


ordered from ASA, 70 E 45th 
Street. 
Lock Washers: The revision of 


American Standard B27.1, Lock 
Washers, has been approved by 
ASA and published by ASME. This 
standard is sponsored by SAE and 
ASME. It covers the dimensions, 
physical properties, and methods 
of testing of spring lock washers in 
various materials; carbon steel 
tooth lock washers; spring lock 
washers and machine screw assem- 
blies; and carbon steel tooth lock- 
washer-and-machine-screw assem- 
blies. Copies are available at $2 
each from either ASME or ASA. 


Sound Insulation: The National 
Bureau of Standards has announced 
the availability of a second supple- 
ment to the NBS Building Mate- 
rials and Structures Report 144. 
This supplement covers sound in- 
sulation of wall, floor, and door 
construction and may be obtained 
from the Superintendent of Docu- 
ments, Washington 25, at 10c per 
copy. This supplement contains 
sound insulation data for building 
structures measured at NBS during 
the period July 1955 to December 
1956. The accuracy of the figures 
is discussed, and details are given 
of a new average figure, called the 
Energy Average, for the overall 







é 


sound insulation of a panel, 
superiority to the Decibel Ayer 
which it is designed to superse 
is discussed. Measurements w 
made in accordance with A 
Standard 724.10-1957 with the; 
ception that the average soy 
transmission loss values are ha 
on 11 frequencies rather thay 
The original BMSR 144 is availaj 
from the Superintendent of Do 
ments for 40c and the first supp 
ment is available at 5c. 7 





Thermometer Calibration: The 
tional Bureau of Standards rege 
ly announced the availability” 
NBS Circular 600 covering calif 
tion of liquid-in-glass thermor 
ters. Copies are available from 
Superintendent of Document 
Washington 25, at 20c each. Th 
circular gives information needed 
for the efficient use of liquid 
glass thermometers. The metho 
of calibrating thermometers will hg” 
of interest to those who calibratg 
their own instruments as well 
those who submit them to the Ne 
tional Bureau of Standards for cal 
bration. The liquid-in-glass ther 
mometer is probably the most 
widely used device for measuring 
temperature, but it is not entirely 
foolproof. If used with awareness 
of its inherent limitations, it can 
give excellent service where relia 
ble measurements are desired. In 
the circular consideration is given 
to various factors that affect the 
use of the more common types of 
thermometers: total-immersion, 
partial-immersion, low-temperature, 
Beckmann, calorimetric, and clini- 
cal. Details are presented on the 
calculation of emergent stem cor 
rections; and there are discussions 
of sources of error such as ther 
mometer lag, gradual changes in 
the glass, and changes in bul vol- 
ume due to annealing. The tech- 
niques and equipment are described 
and information provided on the 
eligibility requirements and appli 
cation for the Bureau’s calibration 
services. 


een, 





page 91. 





Plans ahead for more extended programs in various activities are 
discussed elsewhere in this issue of the ASHRAE JOURNAL. 

With President Boling—page 97. 
Standards Program—page 104. Officers, Com- 
mittees—page 102. ASHRAE Facts and Data—page 76. 


Research Planning— 





— 
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ARKIN 


WATER 


SAVERS 
ARE 
MONEY 
MAKERS 


HERE’S WHY... 


r—ie oe) oe BO), b 


Contractor-dealers throughout America are making money with 
LARKIN WATER SAVER COOLING TOWERS. Here are 4 reasons wh 


1, QUALITY CONSTRUCTION 


Larkin’s reputation is staked on every unit. 
Durably built to last for years. 


conservative ratings and top performance. 
2. LOW INITIAL COST 4. EASY SERVICING 
You can make lower bids, save customers’ money Bolted construction permits easy access to all parts. 


without sacrificing quality or efficiency. 


Favored Features 


@ Wetted surfaces of all-heart redwood 
nailless interlocked construction. Easily 
removed. 


lé-gauge steel panels; 12-gauge steel 
sump. 

Mastic-coated interior. Exterior finished 
with epon-base, zinc-chromated primer 
and two coats melamine baked-on enamel. 
All models equipped with hot-dip galva- 
nized propeller fans. Centrifugal blower 
optional on all models through 20 tons. 
Two and three-ton fan models have direct 
drive, totally-enclosed motors. All others 
are belt driven with drip-proof motors. 
Centrifugal blowers have self-aligning 
graphited bronze sleeve bearings mounted 
on outside for easy lubrication. 
Belt-driven propeller fans have stainless 
steel shafts, oil-impregnated bronze bear- 
ings with oil line and cup. 







* Gravity-type distribution basin—low pump- Y, % ||| 
ing head over tower. yl 

® Water outlet in sump has large strainer 519 Memorial Drive, S.E 
and anti-cavitation plate, easily removed ATL 


cleaning. 








ye 


3. RELIABLE PERFORMANCE 


The entire wetted surface of redwood is designed for 
maximum cascading of water, which results in 





Your profit is not eaten up in excessive service time. 
























































CAPACITY DATA* 3 GPM/TON 
Wet Bulb °F 2 73° ~—CO«S 
Model Inlet Water °F 95 
i Outlet Water °F 85 
2ws | TONS 2.0 
3ws | TONS 3.1 
5 WSs TONS 5.1 
8 WS TONS 8.1 
10 WS TONS 10.0 
16 WS ___ TONS 16.1 
“20 WS TONS 20.0 
25 WSs TONS 25.1 
30 WS TONS 32.2 
40 WS TONS 40.0 
50 WS TONS 50.2 





*Based on Tower Rejection of 250 BTU/MIN/TON 


See Your Wholesaler 





’ 
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ANTA 1, GEORGIA 


O. Box 1699 @ MUrray 8-3 


Or write for Bulletin 1030-D 
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WAGNER ELECTRIC MOTORS 
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15 hp Wagner Motors. 


Here are two of the five air return fans, each powered with 


BRANCHES AND DISTRIBUTORS 


Wasner Electric Corporation 
6379 Plymouth Ave., St. Louis 14, Missouri. 


SERVING 2 GREAT GROWTH INDUSTRIES...ELECTRICAL... AUTOMOTIVE MA 


-THE CHOICE OF LEADERS IN 


| 





ST. LOUIS’ AIRPOR 


Chances are, you have...some 133,000 air travelers pass 
through this handsome Municipal Airport each month. And, 
chances are, you’ve been impressed with the clean, soaring 


architectural lines of the building and with the clean, fresh, 
always comfortable atmosphere. 


The job of efficient air movement for this 50,000 square 
foot building is handled by five air supply fans and five ait 
return fans—all driven by Wagner electric motors... five 
40 hp motors for air supply and five 15 hp motors for the aif 
return fans. Their quiet, efficient operation in this applica- 


tion is typical of the service record of Wagner motors in 
millions of applications all over the nation. 


Whatever your motor requirements may be, Wagner can 
supply a standard motor or build a special motor to fit yout 
need. Constant research and development have kept Wagner 
up front in electric motor design for more than 65 yeafs- 
made the name Wagner one you can trust in choosing motofs 
for your plant or for your product. Call your nearby Wagnet 
field engineer for an engineering analysis of your next motof 
application. There are Wagner branches in 32 principal cities. 





IN ALL PRINCIPAL CITIES 








INDUSTRY 






















And, 
ring 
resh, 


uare 
e aif 
five 
e aif 
lica- 
s in 


your 
pner 
irs— 
tors 
net 
otor 
ties. 


59-2 


TIVE 


| me blow to any other. 





$ AND PRODUCTS 





“(EILING, WALL DIFFUSERS 


and rectangular types of dif- 
srs are in one, two, three and four 
, with six frame designs to 
all types of ceiling applications. 
square sizes in any blow are 
Jable with round necks. 


oi Unipattern vanes insure uniform 


‘ait pattern for all designs. All inner 
“yme sections may be changed from 
An in-line 
diffuser is also av ailable in one or two 


way blow. 
nes Corporation, Verona, Wisc. 


(OMPACT CHILLERS 


ckaged air and water cooled chillers 


it slg sizes up to 10 ton meet a wide 


ge of industrial requirements, in- 
ing the cooling of manufacturing 
Eerocessing equipment, chilling 
and controlling the temperature of 
themicals and other liquids. 

| The average self-contained chiller 
Tequires 15 sq ft of floor space and 
may be installed either indoors or out- 
os. It will maintain positive tem- 


Allrefrigerants can be utilized—including ammonia and 
brines. Coil and drain connections can be made at the 
right or left independent of the blower section. Blowers 
can be adjusted to front, rear or top discharge on the 


site, 


,O00— 30,000 CFM 
COLD DIFFUSERS 


for high or low temperature 
=hot gas or water defrost 


per ature control of any liquid to with- 
in 3 deg. Chillers are equipped with 
an oversize condenser and an easily 
accessible compressor with a mag- 
netic starter. Both air and water 
cooled units have a self-contained re- 
circulating water pump assembly com- 
plete with motor. 

Vic Manufacturing Company, Indus- 
trial Products Div, 1313 Hawthorne 
Ave., Minneapolis 3, Minn. 


CENTRAL SYSTEM BLOWER 


Direct drive blowers which will move 
air at the maximum rate of 2550 cfm 





at 55 in. static pressure are of 10-in. 
size and driven by a %-hp motor. 
Minimum rate of air movement is 
1000 cfm at 1.2 in. static pressure. 
The blower housing measures 


13% x 17% in. The wheel is of alumi- 
num construction to reduce weight. 
It is designed primarily for use in 
residential central air conditioning 
systems. 

Lau Blower Company, 2027 Home 
Ave., Dayton 7, Ohio. 


SAFETY HEAD 


Permitting the normal working pres- 
sure of a refrigerant system to be as 
high as 75% of the pre-determined 
set point of the rupture disc, this 
sealed type safety head eliminates the 
fatigue factor, giving uninterrupted 
service during peak cooling periods 
Black, Sivalls & Bryson, Inc., 7500 
E. 12th St., Kansas City 26, Miss. 


ONE PIECE HEAT PUMP 


Designed for small homes and multi- 
unit structures, this 2 hp heat pump 
has a cooling capacity of 22,000 Btu 
and a heating output of 23,000 Btu. 
Additional strip heaters are 10,000 
each. Automatic defrosting may be 
actuated every 90 min if necessary, 
starting only if the outdoor tempera- 
ture is in the range where frost will 
form. 

Besides the room thermostat 
which automatically switches the unit 
from heating to cooling as required, 











Capacities: 1240 to 26,700 BTU/hr. at 1° T.D. 


Total surface area: 321 to 8360 square feet. 

Fin spacing: 3 or 4 per inch. 

Construction: heavy 12-gauge welded steel; 
hot-dipped galvanized blower wheels and 
scrolls; hot-dipped galvanized casings 
available. 


Send today—for your copy of free bulletin and help 
on installation and refrigeration problems. 


arty 


is 


Manufacturers of freon, ammonia, 
flooded ammonia heat transfer equipment 








I REFRIGERATION 


APPLIANCES, INC. 
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i REFRIGERATION APPLIANCES, Inc., 917 Lake St., Chicago 7, Illinois = 
: Send free bulletin giving all technical details. E 
t Nome 

t Firm 

t Address 

: City. Zone—__State. 
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the heat pump has an outside control 
to actuate strip heaters when tem- 
peratures fall below certain levels. 
This prevents the main system from 
operating each time the unit demands 
heat. 

Carrier Corporation, Syracuse 1, N.Y. 


DRAFT FAN 


Incorporating an advanced airfoil, 
backward curved blade design, this 
tvpe AF Dynafoil Fan is in 13 sizes 
for mechanical draft and in three 
classes for heavy-duty applications. 
The equipment has been designed 





Costly 1 


to secure high efficiency and stable 
performance characteristics. The 
wheel is built with 12 aerodynam- 
ically shaped blades which in com- 
bination with the streamlined contour 
of the inlet permits continuously 
smooth flow of air through the fan. 
Turbulence is reduced to a minimum. 

The airfoil shaped blades are of 
one-piece die formed construction 
and are welded to the rim and back- 
plate. Internal struts inside the hol- 
low section are provided in blades 
of fans for higher tip speed classes. 
Clarage Fan Company, Kalamazoo, 
Mich. 


















Downtime? 


' Here’s what it costs every time a valve requires 
fj} maintenance, shutting down your operation. 





Total it yourself: 


—__—Sales value of the units normally produced 
during the period of shutdown. 


$__.____--___ Cost of the material and labor to correct 
the failure. 


$_______Idle time while operators wait for repair 
or work reassignment. 


$__._________Added cost of supervision to “get back 
into production”. 

$________Cost of overhead and utilities which con- 
tinue although production has stopped. 

$ Your Total Downtime Cost. 


Hubbell Valves may cost a little more, but their extra 
craftsmanship and dependability can save you costly 


downtime. 


ewe. SE 


Hubb 


CONTROLS 





E. B. LaPlante 
GENERAL MANAGER 


HUBBELL CORPORATION 


aa iLL IN OIF 


BACK PRESSURE REGULATOR VALVES « DUAL PRESSURE REGULATOR VALVES « 
AUTOMATIC SUCTION STOP VALVES « 
SAFETY RELIEF VALVES 


“Castings to finished controls... every inch HUBBELL!” 


SOLENOID VALVES © GAUGES « 





| 0-650. The non-compensated 


the surface character. 7 
_ Royco Instruments, Inc., 874 F 
| Way, Palo Alto, Calif. 


_ AIR COOLED CONDENSER 


| of the features of this AL Aircd 


| refrigerant condensing, as well” 
| heating and ventilating. In 
_ models, with nominal capacities 


centrifugal fans 


| town, Iowa. 




























ELECTRIC FURNACE 


Central residential heating and g 
ing equipment of the Landa 
series now includes an electric fm 
nace of the convection type. Bty 
outputs range from 68,300 to 
000. Thermostats are two- ~stage, { 
ing in only part of the heating cay 
ity on the first stage and all of 
the second, thus providing more ¢ 
stant comfort at lower cost. 

A cooling coil may be place 
the cabinet at any time. These 
tions use single evaporators to | 
plify running refrigerant lines. zh 
orators are ” positioned for low 
resistance; coil fins are rippled 
outer edge. 


Lennox Industries Inc., 


SURFACE TEMPERATURES 


For making plus or minus 
scale accuracy temperature 
ments, this instrument is in both 
pensated an 
compensal 
tvpes. M 
DFT, as if 
trated, is a é 
pensated type 
ambient temp 
tures in ram 


0-300, 0-450. 


model ETF for relative temper 
readings, is in the 0-200 range 

There is a special 15-deg & 
reading probe for hard to reach 
faces. All tvpes are self-contained 
ultimate temperature response is 
tained in 3 to 10 sec, depending of 


— 


15-80-TON COMPRESSORS 


Hermetic and direct coupled drive 
units are included in this line of 
frigeration compressors. It is in six 
sizes ranging from 15 to 80 ton @& 
pacities. 
Worthington Corporation, Harrison, 
N. J. 











Utilization of condenser heat is On@ 








blower type air cooled condens 
when equipped with optional f 
sories, it serves the dual purpose 







ing from 10 to 50 ton, for either 
door or outdoor applications, the § 
sign incorporates forwardly ¢ 
with large oul 
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Adaptability of Typhoon air 
shown in this .ingenious flush-t 
at the existing 

Sive duct Vv 

Gear Co. 


waterless < 





AND SPECIFY THE RIGHT EQUIPMENT, FOR EVERY JOB, EVERY TIME! 


Now you can fill every need, solve any problem with Typhoon’s exclusive commercial, industrial and residential equipment! Save 
lime for yourself and money for your clients with Typhoon custom-built air conditioning units. You can specify the air discharge 
and return arrangements you need, and the most practical location for utility service and maintenance access openings. Various 
combinations of compressors, cooling coils and blowers in the same cabinet provide infinite variations in performance character- 
istics. This extreme flexibility gives you custom made units at mass production prices. A full range of air cooled units from 2 tons 
0 20 tons, both packaged and split systems. Water cooled units from 3 tons to 75 tons, air cooled condensing units to 20 tons, 
water cooled to 75 tons! And the new Typhoon Heat Pumps that open a new era in air conditioning. Each and every unit with 
built-in Power Reserve—a combination of superior components and oversize parts that insures dependable performance above 
fated capacity through all weather extremes. All copper condensers in water cooled units, largest coil surfaces and rugged 11 
and 14 gauge metal cabinets. Before you plan your next system, find out how Typhoon quality and flexibility can add to your 
(eputation for getting the job done better, faster, more economically! 


Typhoon Air Conditioning Company, Division of Hupp Corporation 
505 Carroll Street, Brooklyn 15, New York 


(] Have a representative call me for an appointment. 


(] Please send full product literature. 
TYPHOON 


DIVISION OF HUPP CORPORATION Name 





Firm 


Address 


ae 
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housings to insure quiet operation. 
Sixteen different unit arrangements 
and six different fan discharge ar- 
rangements are offered. 

McQuay Inc., 1600 Broadway St., 
N.E., Minneapolis 13, Minn. 


ENVIRONMENTAL TESTING 


Refrigeration cycles designed for radi- 
ation environmental testing are incor- 
porated in cabinets with simple plug- 
in application. Facilities are for ten- 
sile testing with a temperature range 
from —65 to 350 F. The cabinets oper- 


ate with a compound type of con- 
densing system, and combination 
water/air-cooled condensers. The gen- 
erating equipment is surrounded by a 
concrete wall for safety and is oper- 
ated remotely from the test chamber. 
Hudson Bay Company, Div of Lab- 
line, Inc., 3070-82 W. Grand Ave., 
Chicago 22, Ill. 


GAS HEATERS 


Gas-fired unit heaters in ten sizes 
from 25,000 to 250,000 Btu/hr incor- 
porate a contoured aluminized-steel 
heat exchanger design with combus- 









THE Wet) CC VALVE 


| (CAPILLARY CONTROL VALVE) 
: Part No. MCC-1 


eo 





its aN chee aE 





US. Pet Me. 2,646,071 


%4 ACTUAL SIZE 


A valve specifically designed for use in reverse cycle systems. The | 


C. C. valve is installed in conjunction with the capillaries between 
the high and low sides of the system, to provide single capillary 
restriction for the cooling cycle and double capillary restriction 
for the heating cycle. 


The C. C. valve is applicable to all units up to and including five tons 
and may be used for either single or multiple capillary installations. 
Flow can be regulated by the size of the capillary used. 


The C. C. valve replaces two ordinary check valves, thereby cutting 
installation time and costs in half. 


Connection openings can be made to your specifications. 


4 way control 
compressor 





heoting cycle ——_—_— | —____> cooling cycle 


OED 3 Seen 
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A TYPICAL INSTALLATION i 
Send for 1959 catalog — Dept. E-3 





e HIALEAH, FLORIDA 


1020 E. 15th STREET 
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| ing periodic lubrication. 





| possible. 


_ may be used with all gases or modi-— 





tion occurring within individual tubes 
for maximum heat transfer. 

Units are equipped with ful] 
automatic, positive safety contra 
and are for any type of gas specified, 
Close-grained, cast-iron air adjust- 
ment shutters control the primary air 
to the gas flame. Adjustable louvers 
permit variation of discharge air to 
suit installation requirements. 

Fan motors are standard rated 
at 115 volt, 60 cycle, single-phase 
current and are equipped with auto- 
matic reset-type thermal overload 
protection. Seven smaller units have 
permanent capacitor motors requir 


Westinghouse Electric Corporation, 
Sturtevant Div, Dept T-402, 200 
Readville St., Hyde Park, Boston 36, 
Mass. 


COMPACT GAS CONTROL 


Covering the work of four individual 
controls, this single unit gas control 
for furnaces and unit heaters features 





a pressure regulator, 100% safe shut 
off, safety-assured lighting and a 
thermomagnetic safety pilot. 

The series 5250 control is an all- 
in-one package designed specifically 
to fit into gas-fired equipment without 
design changes. Right-hand, left-hand 
and straight-through outlets, with con- 
trol and operator mounting positions 
up to 90 deg from normal make this 


Equipped with an electro-mag- — 
netic thermostatic operator, the unit — 










fied for LP. A large built-in pilot fil- | 
ter is an accessory. ; 
Controls Company of America, Heat- © 
ing and Air Conditioning Controls 
Div, Milwaukee, Wisc. 


COMPACT CONDENSERS 


Light-weight, compact mechanical 
refrigeration-condensing units, incor- 
porating greatly increased applica- 
tional versatility, are offered for cool 
ing in aircraft galleys and related 
equipment. They may be mounted in 
confined spaces in sidewalls or under 
floor areas. In addition to convet- 
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1 || Vertical Air-Flow Aircon J 


4 |L or 
HORIZONTAL 


AIR FLOW AIRCON CONDENSERS 


Now McQuay offers you your choice of either vertical 
or horizontal air-flow Aircons in eight models with 
capacities from 714 to 50 tons in a single unit. Un- 
limited tonnage is available with multiple installations. 
The vertical air-flow Aircon is designed to meet the 
needs of the architect as well as the consulting engineer. 
With an extremely low silhouette, the vertical Aircon is 
rarely visible when installed on a roof. In addition to 








; this, the vertical air-flow Aircon is not affected by pre- 
vailing winds and therefore does not require a wind 

’ deflector. 

y You not only get more models and more capacity, 

t but you get more performance, because McQuay Air- 

d cons have the exclusive McQuay Ripple-Fin coils—the 

é finest and the standard of the industry. 

‘ . 

| a The McQuay “‘Seasontrols,”’ automatic head 

s |  _— Horizontal Air-Flow Aircon ay Se ee ee 


controls, are available as accessories, and modulate the 
. oe condenser capacity in accordance with the weather for 
proper operation at all times. For complete information, 
call the McQuay representative in or near your city, or 
write McQuay, Inc., 1606 Broadway St. N. E., Min- 


a 433 INA neapolis 13, Minn. 
72 TO SINGLE UNIT 
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tional coil designs for cooler, refrig- 
erator and freezer units, other designs 
feature “cold wall” construction, util- 
izing expansion-channel type wall- 
cooling plates for refrigerant circula- 
tion. Both vertical and_ horizontal 
units are in % and % hp. 

Task Corporation, 1009 E. Vermont 
Ave., Anaheim, Calif. 


POSITIONING SWITCH 


Remote control of air conditioning, 
heating and ventilating motors and 
valves is possible with a positioning 
switch which eliminates lag between 
the switch and the actuator mecha- 
nism. Twenty per cent smaller than 


earlier models, this switch is used 
primarily for remote control of pneu- 
matic valves or motors. Turning the 
switch knob gradually increases or 
decreases the flow of compressed air 
to these devices, opening or closing 
them to the desired position. Includ- 
ing face plate, the switch is 2% x 


33% x 2% in, in either flush or surface 
mounting. 
Powers Regulator Company, 3434 


Oakton St., Skokie, Il. 


QUENCH TANKS 

Sufficient mechanical refrigeration ca- 
pacity to lower the temperature of 
50 Ib of aluminum components from 
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Improved Through Iesearch 
Proven By Performance 
The Best for Your 
Water Treating Problems 


Write for literature on your letterhead. 





*REG. U.S. PAT. OFF. 


D.W. HAERING & CO., IC. 


ANALYSTS : CONSULTANTS: MANUFACTURERS 
ae © Wan -{-> an LOK PA 


San Antonio 21, Texas 
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| louvered door. 





1000 F to 34 F in 90 sec has been 
developed in this refrigerated water 
quench tank. 

One self-contained unit has an 
air lift, top opening lid. Inside dj- 
mensions are 37 in. diam, 57 in. high. 
Outside cabinet dimensions are 48 x 
48 in. Sufficient agitation is main- 
tained to achieve zero stratification 
throughout the sweet water bath. A 
safety device prevents freezing. 

A similar unit, designed for use 
as an alcohol quench tank, has suff. 
cient mechanical refrigeration to lower 
the temperature of 50 Ib of aluminum 
components from 34 to 28 F in 90 
sec. 

Both units maintain a tempera- 
ture accuracy of plus or minus | F. 
Webber Corporation, P. O. Box 217, 
Indianapolis, Ind. 


NON-METAL BLOWERS 


Four nvlon blower wheels, for use in 
refrigerators and other small air-mov- 
ing appliances, are light and non- 
corrosive. Designed for installation in 
standard proportioned housings with 
unit-bearing mounting. Diameters, in 


| the GA series, from 2 to 3 in. 


Torrington Manufacturing Company, 
Torrington, Conn. 


CLOSET UNIT 


Individual apartment control, in the 
heating, ventilating, filtering and hu- 
midification line, are offered in this 
series of compact air-handling units. 
In sizes from 500 to 1100 cfm, the 
unit is installed in a four sq ft central 
closet of each apartment in the build- 
ing. It delivers warm or cool air to 
individual rooms through short duets. 
Air is returned to the unit through a 
A mechanical chiller 
may be added when required. 

Hastings Air Control, Inc., Omaha 5, 


Neb. 


VIBRATION MEASURE 


Vibration frequency and amplitude 
measurement is one ot the uses of 
this hand-held Vibrometer. The in- 
strument has a reed in the form of a 
steel strip whose effective length 
may be varied by means of a knob on 
the side. 

Also used to determine the direc- 
tion of maximum transmitted disturb- 
ances, the device will locate the cause 


of unwanted noise due to resonant 


vibration and measure the speeds of 


| rotating equipment where shafts or ~ 
| rotors are not readily accessible. 4 
If the vibratory phenomenon be- ~ 


ing observed is to be displayed or 


permanently recorded, the output of — 


(Continued on page 128) 
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An original RBM 
engineering design for exact- 
ing appliance requirements that 

has also proven highly successful 
in other applications. Dependably 
handles up to 6000 watts at 240 

i volts resistive load per pole. RBM’s 
Bi] volume production and advanced assem- 
bly techniques produce it in quantity 
at low cost—it’s ““CUSTOMERIZED.”’ 
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UNIQUE “HAMMER-ACTION” 
OPENS CONTACTS WHEN 
CAML 1S DE-ENERGIZED 


FILE NO. 2238) 


SCREW OR 
QUICK CONNECT 
CONTACT TERMINALS 


ARP caters 

















MAGNET FRAME 
e 
MOLDED TERMINAL le oe 8S ‘2\ 
Beis sla VARIETY OF 
MOUNTINGS 


CHARA CTER/ST?/ CS 





* CONTACT FORM: 
BPN.O. OR 2P.N.O. 


* CONTACT RATINGS: 
25 AMPS PER POLE RESISTIVE 
AT 240 VOLTS 60 CYCLE 
INDUCTIVE RATINGS - CONSULT 
FACTORY FOR SPEC/AL INOUCT- 
IVE RATINGS GIVING DETAILS 
OF APPLICATION 


° COM TERMINALS: 3 
QUICK CONNECT TYPE 


* COIL RATINGS: 
UP TO 240 VOLTS, 59 OREO 
CYCLE (STANDARD PICK-UP 
VOLTS - 85%, OF RATED ) 


Consult Your Local RBM Product Application Engineer or Write For Bulletin 1030A 


RBM De = BAY Ee @ros oh oll PDS bets hobel 


ESSEX WIRE 
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BULLETINS 





Controls. Two folders, one covering 
a control center designed for single- 
zone air conditioning systems, and 
the other describing a surveillance 
alarm system for buildings where 
there is critical equipment are offered 


Automatic Air Filter. Construction 
and operating characteristics of the 
Model B Roll-O-Matic automatic re- 
newable-media air filter are described 
in Bulletin 248-C. Included is an ex- 
planation of the 65 lineal ft roll of 
impregnated, reinforced media com- 
posed of continuous, slightly curled, 
interlaced glass filaments that are 
held in place by a _ thermo-setting 
plastics bond. This forms a resilient 
pad or fluffy blanket having a nomi- 


with specifications and drawings. 

Minneapolis-Honeywell Regulator 
Company, 
Minneapolis 8, Minn. 
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nal thickness of two in. 


2757 Fourth Ave., S., 
ville 8, Ky. 


American Air Filter Company, Inc., 
Dept PD, 215 Central Ave., Louis- 





NOW..FROM REMCO 


MOLECULAR SIEVE 
_ FILTER-DRIERS 
with DEPTH 


FILTRATION 


Utilizing advanced design Molecular Sieve cartridges, these new Remco 
Filter-Driers combine unequalled drying efficiency, effective acid re- 
moval, generous flow capacity and depth filtration. 

The massive depth filter completely removes all scale, sludge, carbon 
and other particles as small as 100 microns. Molecular Sieves adsorb and 
retain large quantities of moisture even at refrigerant temperatures 
of 140F, and keep moisture concentrations below 10 ppm. Acids are re- 
duced far below dangerous corrosion limits. 

Compact in size, the filter-driers are U/L Approved and may be used for 
Refrigerants 12 or 22, Carrene or methyl chloride. Working pressure is 
500 psi; minimum bursting pressure, 2500 psi. 

REPLACEABLE CARTRIDGE TYPE units use an “O” ring for a positive, leakproof 
flange seal. From 3 to 40 tons, with 3%” thru 154” sweat connections. 
SEALED TYPE filter-driers are available in 1 to 12 tons, with 14” thru %” 
flare and 3%” thru 74” sweat connections. 

“T” FITTING TYPE in 2 to 6 tons, are readily adaptable to systems using con- 
ventional ““T”’ driers. 

Remco Molecular Sieve Filter-Driers are available at leading whole- 
salers. Ask your wholesaler for more information, or write for Bulletin 
MS.-1. Remco, Inc., Zelienople, Pa. 


REMCO 


MANUFACTURERS OF ADVANCED REFRIGERATION PRODUCTS 


Filter-Driers - Liquid Indicators - Receiver-Driers - Check Valves - Safety Devices - Frost-Tite Flare Nuts 








_ ious building environments in Bulle. 


_ catalog numbers, quietness rating, ” 


‘| Transmitter. 








Single Phase Motors. % to 20 hp sip. 
gle phase motors include open pro. 
tected, totally enclosed fan cooled 
and explosion proof frames. A treat. 
ment which makes the motors gyit. 
able for use in damp, dirty or corr. 
sive atmospheres is covered, as wel} 
as tabulated ratings, dimensions and 
weights. Bulletin 470-B. 

Robbins & Myers, Inc., Springfield, 
Ohio. 


38, Pa. 


Brass Mill Products. This 24-page 
lexicon of copper and copper alloy 
terminology provides definitions to 
such terms as “deoxidized,” “flat wire,” 
“patent leveling” “ and “resquared 
metal.” 

American Brass Company, Dept SBR, 
Waterbury, Conn. 


Coatings. Fire retardant coatings for 
three types of thermal insulation ma- 
terials are the subject of this four 
page folder. 

Royston Laboratories, Inc., Pittsburgh 


Roof Ventilators. Design and con- 
struction features of 13 basic cen- 
trifugal type roof ventilator sizes, in- 
cluding 111 different motor and belt- 
drive combinations are listed for var- 


tin 4004. A capacity table for the 
motor-drive combinations _ includes 


motor hp, fan rpm, tip speed, cfm at 
various static pressures and net 
weight. Eight pages. 
American-Standard, American Blow- 
er Div, Detroit 32, Mich. 


Bulletin 170 describes 
in building block style the design fea- 
tures of the MPT motion position 
transmitter. 

Brooks Rotameter Company, Box 432, 
Lansdale, Pa. 


Motor Controls. Catalog 14, illus- 
trated with product pictures, wiring 
diagrams and dimensional drawings, 
contains size, weight and rating i- 
formation on motor controls. 80 pages. 
Arrow-Hart & Hegeman Electric 
Company, Industrial Control Diy, 
103 Hawthorne St., Hartford 6, Conn. 


Mechanical Dehumidifiers. [llustrat- 
ing the company’s line of dehumidift- 
ers using refrigerant compressors, 10 
a dewpoint of 36 F, and. discussi 
means of achieving dewpoints to 
F, this bulletin covers unit ca’ 
from 640 to 11,856 cfm, from 5 
60 hp refrigerant compressors. 32, 
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KRAMER 


OUTDOOR COMPRESSOR 





Why lose dollar-making storage and selling space 
to house compressors, when you can now use the 
Kramer Outdoor Compressor? The THERMOBANK 
COMPRESSOR SYSTEM is factory assembled, 
tested and run-in; it saves installation time 
and money. 


The refrigeration industry again finds Kramer blaz- 


ing a new path with its THERMOBANK SYSTEM— 
the original and only automatic re-evaporating, 
non-overloading, fastest hot gas defrost system— 
now engineered to perform unfailingly, not only 
in a heated space but in any unheated space or 
outside at any outdoor temperature. 


WRITE FOR BULLETIN TC 406A 











KRAMER TRENTON CO. Trenton5S,N.]J. 


IN HEAT TRANSFER 





45 YEARS OF CONTINUOUS ACHIEVEMENT 
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to 1,591,968 grains of moisture may 
be removed per hour. 

M. Blazer & Son, 173 Market St., 
Passaic, N. J. 


Heating, Air Conditioning Equipment. 
Features of box-fin baseboard radia- 
tion, industrial and commercial radia- 
tion, motorized zone control valves. 
co-axial refrigerant condensers and 
finned tubing are detailed in this 
four-page brochure. 

Edwards Engineering Corporation, 
101 Alexander Ave., Pompton Plains, 
N. J. 


Electronic Temperature Controllers. 
Specification §$1010-6 describes the 
Versa-Tran electronic temperature- 
controllers for industrial heating and 
cooling operations. 
Minneapolis-Honeywell Regulator 
Company, Wayne & Windrim Aves., 
Philadelphia 44, Pa. 


Protective Coatings. Synthetic rubber 
compounds for sealing, glazing and 
caulking are covered in this 12-page 
indexed bulletin. 

David E. Long Corporation, 220 E. 
42nd St., New York 17, N. Y. 


MOISTURE MAGNET DRIERS : 





LITTLE GIANT 
DRIER wm == | | 
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TRIPLE FILTRATION ' | 


for General Field Service Work 
on hermetic and open type units 


@ Here is the smallest, most powerful, easiest-to-install 
drier made. It will eliminate the worst moisture, 
screen-out sludge and foreign particles—conditions 
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Valves, Fittings and Supplies. Pipe 
nipples, hanger fittings and other new 
items have been added to this latest 
edition of a catalog showing valves — 
either singly or complete with scre 2 
or welding-neck flanges. In the fe 






are eight pages of tables on refri : ; 
erants, brines, steel pipe, copper and ~ 





a 


steel tubes, storage temperatures, me: 


chanical equivalents and thermome.— 
ter scales. 
Frick Company, Waynesboro, Pa. 


O-Ring Seals. Design and applica- 

tions of O-rings is the subject of 20. 
page Bulletin AD-148. Materials of © 
construction, dynamic and static ap- 

plications, use of back-up or non- 

extrusion rings and  groove-design 

are included. 

Garlock Packing Company, 432 Main 

St., Palmyra, N. Y. 


Phenolic Products. Brochure CDC- 
358 covers a complete line of phen- 
olic resins, varnishes and molding 
powders in eight illustrated pages. It 
includes product features, special 
properties and detailed technical data. 
General Electric Company, Chemical 
Materials Dept., 1 Plastics Ave. 
Pittsfield, Mass. 


Cooler Door. Cold storage doors de- 
signed for use in dairy applications 
are described and illustrated in this 
four page brochure covering construc- 
tion details on sliding dairy doors, 
standard cooler and freezer doors, 
vertical lift cooler and freezer doors. 
Clark Door Company, Inc., 512 Hun- 





encountered in general field service work. Though 
| small, the “Little Giant” has ample capacity to 
| handle up to % hp with F-12. “Little Giant” des- 
iccant charge is 100% molecular sieve. 


@ Driers are completely dehydrated and the ends fused 
and sealed to insure dryness. KMP’s undercutting 
feature permits tubes to be quickly snapped off, as 
well as cut off, swedged, flared or bent to take care 
of all field applications from capillary sweat con- 
nections to 14” flare. 


Also available 


is a complete line of KMP silica gel and molecular 
sieve moisture magnets. A minimum of models will 
handle \4 to 10 ton units. All are backed by KMP— 
leading supplier to over 80% of the original equip- 
ment manufacturers. 


SEE THE KMP COMPLETE LINE 
AT YOUR REFRIGERATION WHOLESALER 


pp 


terdon St., Newark 8, N. J. 


Corrosion Control. Solutions to the 
scale and corrosion problem are of- 
fered in this circular listing several 
| products for correction of specific 
problems. 

D. W. Haering & Company, Ine., 
P. O. Box 10337, San Antonio 21, 
Texas. 





All-Weather Motors. Vertical hollow 
shaft motors in ratings of 1 to 30 hp 
are described in Bulletin 2500. 
Louis Allis Company, Milwaukee 1, 
Wisc. 

















Remote Control Positioning Switch. 
Bulletin 357-3 and Technical Data 
Form P-75 give illustrations, specifi- 
cations and application descriptions 
of a positioning switch used primarily 
for remote control of pneumatic ~ 
valves or motors, such as those on 
dampers and in air conditioning units. 
Powers Regulator Company, 
Oakton St., Skokie, Ill. Ou 











PRODUCTS, INC. 
LYONS, NEW YORK 
Driers * Accumulators * Accumulator Driers Strainers * Capillary Assemblies 
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Every Air Conditioning Installation 


debowed SPORLAN PEAK 


PERFORMANCE... Right Down 
the Line 
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for no matter how large or 
small the installation... 
there’s a Sporlan combination | 
engineered fo fit it 
PERFECTLY! 


Sporlan Catch-All filter-driers with the famous molded 
porous core, keep systems perfectly clean, perfectly dry and 
acid free! 


Sporlan’s amazing new See-All moisture & liquid 
indicator shows whether the refrigerant is wet or dry and if 
the system is fully charged. 


The superior design of Sporlan Solenoid Valves with Blue 
Seal Coils gives high MOPD ratings, permitting them to be 
used on applications with either refrigerants 12 or 22. 


The Flow-Master element, exclusive with Sporlan Therm- 
ostatic Expansion Valves for air conditioning, minimizes 
valve hunting and smooths out evaporator performance. 


Sporlan Refrigerant Distributors with the versatile 
interchangeable nozzles, not only permit a wide range of coil 
applications, but give uniform distribution to any number of 

circuits regardless of load or evaporator temperatures. 


S. ee whether your next air conditioning job is large 
- c © 


or small, buy Sporlan throughout and get 
Peak Performance Right Down the Line! 


See your Sporlan Wholesaler today. 


Somn ve VALVE COMPANY 


oo SUSSEX AVENUE 
LOUIS 17, MO. 





Our 25+! Anniversary... 1Q34-105Q EXPORT DEPT. « 85 BROAD STREET » NEW YORK 4, N.Y. 
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EVAPORATOR FROST PERFORMANCE 


(Continued from page 90) 





coil will hold, and yields an overall! 
result of a longer frost block time 
with a net gain in refrigerating 
effect. 

Table I gives a comparison of 
results showing for each case the 
amount of fin surface, time for the 
return air to reach zero degrees, 
time for coil to frost block as ob- 
served (see Fig. 8) and the return 
air and product temperatures at 
that time, the lowest average prod- 


uct and return air temperatures ob- 
tained and the average product 
temperature at zero degree return 
air point. These values reflect the 
additional capacity gain of the 
staged fin coil. The same table 
shows an improvement ratio of 
frost block time of 7.5 to 1 as com- 
pared to the 4 fin per in. coil in 
Test 1. 

The amount of defrost water 
collected shows an _ increase of 
about 5.7 to 1 over the 4 fin per in. 
Defrost time in each test was near- 
ly the same in spite of the differ- 





NEW 






PATENTS PENDIN' 


Just What You've Been Waiting For 


“King Jeeves 




















carbonated beverages, etc. 


proval of the dairy industry. 





The new "King Zeero" Pure Water Cooler is designed to provide 
charcoal filtered pure cold water for butter and cheese wash, 
cooling of dressed poultry, and ingredient water for bakeries, 
It provides ample chilled water 
when and where needed, either in batches or continuous flow. 
Ten years of constant experimentation and testing has gone into 


this cooler to meet "King Zeero's" 


Write for details to meet your requirements. 


rigid standards and the ap- 





THE K/NC ZEERO COMPANY 
300-14 W. MONTROSE AVE... CHICAGO 41. ILL 


Manutacturers ot Ice Builders - Ice Builder Cabinets - Ice Banks 
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ences in the amount of water ¢g. 
lected. This accounts for the greg. 
ly improved defrost cycle efficiency 
in the 1-2-4 fin per in. coil. The 
theoretical number of required de 
frost cycles required per day 
shown in Table I is based on 
frosting when the return air war 
up to zero degrees. 

Using values thus obtained the 
sensible heat gain per day was eal. 
culated using the previously ob 
tained defrost cycle efficiency based 
on the defrost heater input of 72 
watt for the defrost times shown, 
This is further expressed as a per- 
centage of daily condensing unit 
capacity. These figures are purely 
empirical and should not be taken 
to reflect anything but a direct com- 
parison among these tests. 







Conzlusion—These tests make it 
apparent that through proper fin 
space staging, to allow more room 
for frost collection on the entering 
air side with progressively smaller 
fin spaces for the stages thereafter, 
the result is a coil that first dehy- 
drates then cools the air and im 
proves performance in a gravity 
type ice cream display case along 
the following lines: (A) Increased 
frost block time resulting in fewer 
number of defrosts per day. (B) 
Possible savings in cost through 
more effective use of fin stock 
(C) Improved refrigerating effect 
on top exposed load. (D) Improved 
defrost cycle efficiency resulting in 
a smaller defrost heat load to the 
refrigerating unit. (E) Less poe 
sibility of ice cream thermal shock 
as caused by premature frost block. 
(F) More likelihood of maintaining 
a cold air seal over the top opening 
and thus reduced the effect of frost 
accumulation on the interior dis 
play areas of the cabinet. 

Although the results reported 
here are based on gravity coil per- 
formance, the idea of fin staging 
could well have a place in forced 
convection low temperature work. 

It should be added that the fiz 
spaces reported in this test do not 
necessarily represent the optimum 
selections, Until further investiga 
tions are reported, it is hoped the 
results of this investigation wil 
provide guidance for achieving 
better performance from a fin and 
tube evaporator at low temperature 
where humidity is an impo 
factor. 
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SAFETY 
CONTROL 


for coin vending machines 
dispensing cold or hot items 


RANCO Fil 


Recent changes in U. S. Sanitation Ordinance and Code 
suggest that vending machines with storage compart- 
ments for readily perishable food and beverage items 
be equipped with controls to insure maintenance of 
temperature not higher than 50° F. (cold items) nor 
lower than 150° F. (hot items). Only exception is a 
30-minute recovery period following loading or servic- 
ing, after which time the system must have returned 
and be in normal temperature operation. 

Ranco has developed two controls (F11-1000 for 
cold vending and F11-1200 for hot vending) which 
automatically prevent machines from vending food or 
beverages at unsatisfactory temperatures. They are 
in addition to, and do not interfere with, the regular 
cycling thermostat required in the machine. 


PRESCRIBED SAFETY VALUES 

F11-1000 (cold vending): prevents mechanism from dispens- 
ing when refrigerated compartment temperature rises to 
50° F. or above. 

F11-1200 (hot vending): prevents mechanism from dispens- 
ing when heated compartment temperature drops to 150° F. 
or below. 

30-MINUTE RECOVERY PERIOD: Both controls have a 34 
(+4)-minute time range, non-adjustable. 


OPERATION OF THE CONTROL 

The F1l Control is a semi-automatic type with manual re- 

set mechanism responding to temperature change and is 

equipped with a mechanical, spring-wound timer as a com- 
ponent, 

AUTOMATIC FEATURE of the control prevents coin mecha- 
nism from dispensing items when temperature of the 
compartment reaches the prescribed safety setting. 

MANUAL FUNCTION is through the mechanical timer (not 
Made by Ranco). Dial knob must be turned to an indi- 
cated stop to start the timer after loading or servicing. 
An actuating cam-push bar mechanism closes the con- 
tacts circuited to the machine so it will continue to dis- 
pense through the fixed 34-minute recovery period. If the 
system does not recover to normal operating temperature, 
the push bar unlatches to prevent dispensing. If the sys- 
tem recovers, the push bar remains latched and dispens- 
ing continues. 

ALTITUDE ADJUSTMENT: correction provided for elevations 
to 8000 feet. 

FLECTRICAL RATINGS: (Listed with UL and Canadian Stand- 
ards Association) 115 volts a.c. non-inductive, 2000 watts, 
7.4 amps. full load, 45 amps. locked rotor. 230 volts a.c. 
hon-inductive, 1000 watts, 3.7 amps. full load, 23 amps. 
locked rotor, _ 

ial modifications are available to meet your product 
needs through your Ranco distributor. 
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TIMER DIAL KNOB 


TIMER DiAL SHAFT—— 


SECTION OF 
MECHANICAL TIMER 


MOUNTING BRACKET 


TERMINAL COVER —— 


SCREW TYPE 

TERMINALS —— 
(MAY BE QUICK- 
CONNECT TYPE) 











Two 11/64 DIA 
MOUNTING HOLES 
WITH CENTERS 
SPACED 2-9/32 
APART 


CONTROL PUSH BAR 


RANGE SCREW 
FOR ALTITUDE 
ADJUSTMENT ONLY 


—— BELLOWS LEVER 


TOGGLE ARM 








See your Ranco Distributor or write direct for 
complete, detailed Bulletin 1726 with wiring 
diagrams, technical data on F171 Series controls. 





QHUCO 
INCORPORATED 
COLUMBUS 1, OHIO 


More than 100 million Ranco Contro/s now in use 
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FIVE DEFROST METHODS 


(Continued from page 65) 





copper, aluminum, and steel and 
selecting a 12 ft frozen food self- 
service fixture which has a copper 
tube aluminum finned coil sur- 
rounded with steel plates all of 
known weights, the value of Hs for 
a rise in temperature from —40 F 
to 40 F is approximately 1800 Btu. 
The period of time required to 
warm up the coil and wall sur- 
faces is usually the determining 
factor in the total time of defrost. 

Using the same 12 ft self-serv- 
ice frozen food case as an example, 
if during a defrost period 1 Ib of 
frost is melted the value for Qs 
would be 200 Btu plus 4250 Btu 
plus 1800 Btu = 6250 Btu or 4400 
watt for a 25 min defrost period. In 
a system of this type the heat actu- 
ally required to remove the frost is 
the smallest value. It has been 
proven in the laboratory and field 
that during any defrost period, re- 
gardless of the weight of frost, the 
actual time required to complete a 
defrost period does not vary more 


than a few minutes with the elec- 
tric heat input being constant at 
250 Btu/min for the above example 
freezer. However, if the coil be- 
comes completely iced so that air 
flow is stopped, a long time (40 to 
50 min) is required before normal 
heat transfer can take place in or- 
der to proceed into the normal de- 
frost time. 

Most walk-in freezer evapora- 
tors are of such a compact design 
that good heat transfer from elec- 
tric heaters to the frost can be ac- 
complished without the fans run- 
ning and as a result a more rapid 
defrost period is obtainable. Since 
the factor H, is in direct propor- 
tion to the time involved, a° more 
rapid defrost period will greatly 
reduce this factor and the shorter 
defrost period can be obtained 
with less electric heat for a given 
evaporator. 

For medium temperature meat 
and dairy refrigerators, even though 
the coils collect more frost, a shorter 
defrost period is obtainable due to 
the higher temperature of the metal 
surfaces at the time defrost is in- 
stigated. A period of 15 min two 








GET TROUBLE-FREE 





CONDENSING AND 


GREAT POWER AND LABOR SAVINGS 


NIAGARA AEROPASS CONDENSERS 
give you trouble-free, automatic refrigera- 
tion at the least spread between head-pres- 
sure and suction pressure. You gain a great 
power saving. You also get removal of super- 
heat before condensing, condensing at sub- 
cooled temperature and a refrigerant fully 
purged of oil. Out-door air takes up heat of 
condensation through evaporation of the 
least amount of water; low temperature con- 


NIAGARA BLOWER COMPANY 


densing means freedom from scaling and 
loss of capacity. Niagara sectional design 
offers you lower costs for more compact 
equipment, easier to keep up. You get al- 
ways full capacity, ‘‘new plant” efficiency 
and continuous savings such as 95% of con- | 
densing water cost that add to your profit. | 
Managers who know their costs buy Niagara 
Aeropass Condensers. 
Write for Bulletin 131 


Dept. RE-3, 405 Lexington Ave., New York 17, N.Y. 
Niagara District Engineers in Principal Cities of U. S. and Canada 
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to three times per day is normally 
required for seif-service refrigera- 
tors. Since the time period jg 
shorter, the value H, is greatly de. 
creased and less wattage is te. 
quired even though more frost jg 
to be melted. 


Fig. 7 represents a cross see. 
tion of a typical modern self-service 
frozen food case with location of 
fan, evaporator, drain, electric 
heater, and air path indicated. Fig, 
8 is a temperature vs. time oan 
of a defrost period for a 12 ft 
freezer of the type represented in 
Fig. 7. The thermocouples meas- 
ured the temperature of the outer 
surface of one of the evaporator 
tubes and the water temperature in: 
the drain cup. The drain cup is th 
last point the water reaches before 
flowing into the exterior drain 
pipes. 

Controls for any electric de- 
frost system consist of a time clock 
which must energize the electric 
heaters, stop the compressor motor, 
and stop the evaporator fan if re 
quired. The termination may be 
one of three ways: (1) timer ter- 
minate; (2) pressure terminate by 
the rise in suction gas pressure; 
and (3) temperature terminate bya 


_ rise in the evaporator surface tem- 


perature or air temperature. The 
advantages and disadvantages de- 
scribed for controls in the unit-off, 
natural-defrost method apply to 
electric defrosting. 


Water Defrost employs a 7 of 
water utilizing the sensible heat of 
the water as a heat source. The 
drains are usually electrically heat- 
ed for this system. The water i 
circulated by a pump controlled by 
a time clock. The timer stops the 


compressor during defrost 


energizes the electric drain heater. 
Water has an excellent thermal ca 
pacity available for defrosting. A 
1 ton evaporator normally requires 
7 gpm for a period of not longet 
than 5 min. In analyzing the ther 
mal capacitv of water, it is of it 
terest that if 7 gpm of water flow 
for 5 min and have a temperature 
change of only 10 degrees in past 
ing over the frost and melting 


10 kw of electricity would be 1 


quired to do the same work — & 
suming that there was no : 
ence in the loss to the air. UP” 
viously, introducing 10 kw to 4@* 
ton coil would tend to damage the 
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MUELLER BRASS CO. 


introduces ... 
hydrogen brazed 
steel compressor valves 


that combine high quality 
with low price 








A new line of Streamline® Hydrogen brazed steel 
compressor valves is now available to you at amazingly 
economical prices. They incorporate the same high quality 
construction as the forged brass valves developed 

and introduced by The Mueller Brass Co. many years ago. 
The combination of steel construction, and new 

Hydrogen Brazing techniques has made possible the 
production of sturdy, dependable valves that will give 
outstanding performance in your products, 

yet hold down those all-important costs. 

Included in this new line of valves are compressor valves, 
(single or double port and adjustable), steel evaporator 
liquid valves and receiver valves. All are available 

in both flare and solder type connections. Write us for 

full information on cost and engineering specifications 

.-- @ Mueller Brass Co. Sales Representative 

will be glad to call on you. 


o? @ 














A NEW COMBINATION... 


Mueller Brass Co.'s new exclusive combination filter-drier and 
liquid indicator assembly is also a hydrogen-brazed all steel 








/ 
product. It combines the perfectly balanced DRYMASTER ; 
Filter-Drier and the easy-to-read SIGHTMASTER liquid indicator ) 
into one economical, compact, quickly installed unit. fF ok 
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MUELLER BRASS Co. PORT HURON 15, MICHIGAN 
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coil; consequently, it is necessary 
to introduce electric heat at a 
lower rate for a longer time. 
Water defrost systems are most 
applicable to large evaporators for 
walk-in freezers and coolers. 


Other External Heat Source De- 
frost. Additional heat sources are 
possible by using a fluid such as 
glycol as a heat transfer vehicle. 
This secondary fluid is pre-heated 
by electricity, steam, or other meth- 
ods to add sufficient quantities of 
heat to obtain rapid defrosting. 


Where the heat is applied by circu- 
lating the secondary fluid in an 
inner tube of the evaporator coil- 
ing, a rapid defrost is accomplished 
with a minimum of heat lost to the 
surrounding air. 

This method is most applicable 
to large low temperature evapora- 
tors as used in frozen food walk- 
in’s. 

Defrost controls for a system 
of this type must include a time 
clock which will stop the compres- 
sor, start the fluid (glycol) circu- 
lating pump, turn on the heat ap- 


w check superheat 
... EASIER... FASTER... BETTER 


Now comes a revolutionary development in superheat 
testing. The kit illustrated here gives you the easier, 
faster, and above all the more accurate superheat 
readings you need for that all-important adjusting 
and setting of the expansion valve. 

All the difficulties of testing with glass tube ther- 
mometers—positioning, reading, costly breakage— 
are wiped out. The small bulbs of these distant read- 
ing dial thermometers are easily attached exactly 
where they should be. The distant reading feature 
permits placing the dials where they can be readily 
seen and compared. The widely spaced one-degree 
markings in the testing zone assure far more accurate 
reading than is possible with the closely-spaced 
markings of glass tube thermometers. 

Note the many features described opposite—par- 
ticularly the method of insulating against ambient 
temperature ... which assures more accurate readings 
... better results. 

At their moderate price you can own these long- 
lived ‘‘Super-heat’”’ Thermometers at a fraction of the 
cost of using the breakable, short-lived kind! 


Write for facts or See Your Wholesaler 


MARSH INSTRUMENT CO. Soles Affiliate of Jas.P. Marsh Corporation 
Dept. 32, Skokie, Ill. 


Marsh instrument & Valve Co.(Canada) Ltd., 8407 103rd Street, Edmonton 
Alberta * Export Dept., 3501 Howard St., Skokie, Ill. 


Riles 
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The “Super-heat”’ testing kit 
contains two identical, 2- 
inch dial-size thermome- 
ters (one for evaporator 
inlet and one for outlet) in 
attractive, highly polished 
brass cases. Dials are 
<—e —40° to +65° 
. Widely spaced one-de- 
gree calibrations in testing 
zone are guaranteed accu- 
rate within ome marking 
plus or minus. (Glass tube 
thermometers have 
crowded markings.) Each 
thermometer has a 12-inch 
capillary tubing. Bulbs are 
small for use in tight 
quarters. Kit contains two 
non-absorbent insulating 
wrappers for easy attach- 
ment of bulbs to evapo- 
rator tubing . . . also to in- 
sulate bulbs from ambient 
temperature. (Field studies 
have shown that for the 
highly accurate readings 
essential to superheat test- 
ing, ambient temperature 
must be insulated from 
thermometer bulbs.) 





Thermometers and 
“wrappers’’ are neatly held 
in durable, transparent 
plastic box with conve- 
nient hinged cover, meas- 
ures only 3” x 8” x 114”. 















plied to the fluid, and then ter 
nate defrost similar to other meth. 
ods discussed for other systems, 


SUMMARY 


Commercial refrigerators used jy 
modern food markets utilize ny 
merous defrost systems with m 
variations of controlling the time 
of defrost. In the design or seleg. 
tion of a method, it is well to cop 
sider the following factors: 


Type of refrigerator installation 
giving special consideration to 
long lengths of multiple cases 
walk-in storage refrigerators, and 
self-contained refrigerators. 

Temperature maintained in the re 
frigerator with due consideration 
given to the temperature of the 
drain areas. 

Durability of the perishable prod- 
ucts displayed or stored when 
subjected to temperatures above 
their critical points. 

Complexity of system with respect 
to installation and cost. 

Improved efficiency of the complete 
refrigeration system with fewer 
and shorter defrosts. 

Available heat sources and method 
of transferring to frost. 

Actual heat required to melt frost 
is relatively small when com- 
pared with heat lost to air and 
heat necessary to warm the coil 
and wall surfaces above 34 F. 


| Heat lost to air is in direct propor- 


tion to duration of defrost time 
and becomes a large factor im 
long defrost periods where air is 
utilized to. transfer heat to the 
frost. 

Time required to warm coil and 
wall surfaces is determining fac- 
tor in total defrost period. 

Time required to warm coil and 
wall surfaces being a constant 
for a given system and being the 
determining factor in total time 
of defrost means that regardless 
of amount of frost, the total time 
of defrost is fairly constant for 
a given system unless the coil is 
iced to a solid point permitting 
little or no air circulation. 

Application of time controls to use 
pressure or temperature terml- 
nating means is a solution to 
varying icing conditions. 


REFERENCES 


“Latent Heat Source For Hot-Gas De 
frosting’ by Paul Reed, Air Condit 

é Refrigeration News, May 14, 1956. 
“Automatic Defrost’ by Otto J. Nuss 
baum, REFRIGERATING ENGINEERING, July, 
1957. 
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announcing 
as of March 1, 1959 


ASHRAE JOURNAL 


Resulting from the Merger of two important societies: the AMERICAN 





Society oF HEATING AND AIR-CONDITIONING ENGINEERS and THE 
AMERICAN SOCIETY OF REFRIGERATING ENGINEERS. Strategic... In- 


senaeataian fluential Contact with ENGINEERS who Specify and Purchase on 


this Billion Dollar Market for Air-Conditioning, Heating, Refrigera- 
tion and Ventilation. 


The ASHRAE JOURNAL as the successor publication to both “Re- 
frigerating Engineering Including Air-Conditioning” and the 
‘““ASHAE JOURNAL”, becomes the official publication of the consoli- 
dated AMERICAN Society OF HEATING, REFRIGERATING AND AIR- 
CONDITIONING ENGINEERS. 


A highly professional publication, written with authority and read 
with conviction by engineer members. Devoted solely to solving per- 
tinent problems, thereby assuring attentive concentration on all sub- 
ject matter. 


Every Member A Subscriber 

Here is Premium Circulation... Exclusive “Society” Circulation that 
gets your product next to the Who’s Who in... Air-Conditioning, 
Heating, Refrigeration and Ventilation. 


CIRCULATION DATA 


Ie aa ee iis. 
Plus the ABC Circulation of “Refrigerating Engineering j 
Including Air-Conditioning” .. 10,296 ‘ 
Making a TOTAL CIRCULATION of 22,380 


For complete details on circulation, rates and mechanical 
requirements contact: 





NEW YORK — CHICAGO — 

J. Craig Johnson William J. Gatenby 

62 Worth Street, BArclay 7-6262 Room 452, 35 E. Wacker Drive 
W. M. Vidulich, Advertising Mgr. Financial 6-7255 


AMERICAN SOCIETY OF HEATING REFRIGERATING AND AIR-CONDITIONING ENGINEERS 
2 Wortu STREET, New YorkK 13, New YORK 
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PRODUCTS 


Continued from page 116) 





the instrument's built-in electromag- 
netic pick-up may be attached to an 
oscilloscope or oscillograph by means 
of two binding posts on the meter. 
In a full frequency range from 
120 to 15000 cpm, it is accurate to 
within 10% at all frequencies with a 
weighted reed (120 to 600 cpm) and 
to plus or minus 3% with a free reed 
(600 to 15000 cpm). It weighs one 
Ib and measures 9% x 15s x 1 in. 
Korfund Company, Inc., 48-53D 32nd 
Place, Long Island City 1, N. Y. 


SINGLE FAN CONDENSER 
Two compact 1 hp, Refrigerant-12 
condensing units with single fan con- 
struction are in capacities comparable 
to those obtained with unit of the 
twin fan construction. 

Single fan construction provides 
a compact unit with limited mounting 
space needs. The over-all height of 





the unit remains the same as the twin 
fan one; width and length are re- 
duced. Models BRLIOOT and BRH- 
100T feature twin cylinder motor 
compressors designed to operate on 
230 volt, single phase or 208/220 
volt, three phase current, with Re- 
frigerant-12. 

Bendix-Westinghouse Automotive Air 
Brake Company, 950 E. Virginia St., 
Evansville 11, Ind. 


LOW-HEIGHT FURNACES 


Designed for basement or utility room 
installation, where headroom is at a 
premium, these Lo-Boy furnaces may 
be adapted to summer cooling. The 
series includes six sizes with inputs 
ranging from 75,000 to 200,000 Btu, 
and features a Stratosteel heat ex- 
changer, ceramic-coated. 

Carrier Corporation, Syracuse 1, N.Y. 


DAMPER CONTROL 


New damper and quadrant regulators 
offer methods of controlling dampers 
to prevent rattles and air leakage. 
Constructed of heavy gauge cadmium 
plated metal, all dial dampers and 
quadrant damper regulators may be 
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mounted on either round or flat sur- 
faces. The complete line ranges from 
%4-in. damper regulator sets to %-in. 
quadrant damper regulator sets for 
positive control in small dampers or 
in heavy duty heating, ventilating, 
blower and exhaust systems. 

Elgen Manufacturing Corporation, 
Regulator Div., 32-49 Gale Ave., 
Long Island City 1, N. Y. 


EXPANDED LINE 


Oil furnaces in this manufacturer’s 
line include three series with several | 
models in each, ranging in capacity 
from 84,000 to 166,000 Btu. The gas 
furnace line has improved additions 
this year; bringing the number of 
models to 29. In both oil- and gas- 
fired furnaces, the Regulaire, Stylist 
and Trimline series feature economies 
in fuel. The Regulaire series is also 
utilizing a newly developed blower 
control. 

In central air conditioning self- 
contained horizontal units in the 
Tuckaway series include a 2 hp 
model, two 3 hp models, single or 
double compressors, and a full 5 hp 
double-compressor model. Remote 
units in 2, 3 and 5-ton capacities are 
with a choice of four evaporator com- 
ponents for adding summer cooling 
to any type of forced pair system and 
two complete evaporator blower units. 

Space heater lines are in the 
Coronet series—a circulator or radiant 
in the gas line and in two sizes in the 
oil line—and the Classic, a newly de- 
signed wall furnace. , 
Perfection Industries, Div. of Hupp 
Corporation, 1135 Ivanhoe Rd, Cleve- 
land 10, Ohio. 


MECHANICAL FILTER 

For protection of sensitive gear and 
equipment, this manufacturer offers 
the Dustfoe Space Filter, a mechani- 
cal type of cleaner which does not 
utilize an oil treated collection plate, 
and thereby reduces the danger that 
vaporization will result in oil being 
carried through the cleaned air. In 
1000 cfm capacity, it is 24 x 24 x 6 
in. 

Mine Safety Appliances Company, 
201 N. Braddock Ave., Pittsburgh, 
Pa. 


PACKAGED CONTROL 


Complete units with temperature and 
contaminant control systems, lighting, 
electricity and plumbing are pre- 
engineered for use where rigidly con- 
trolled environment is necessary for 
testing and assembly. Temperatures | 
may be maintained at plus or minus | 
¥%2 deg; humidity at plus or minus 2% | 
relative. Filters remove airborne con- | 











Do Your Specs 


Call for WOOD 


COOLING 
‘TOWERS? | 





Marley Permatowers® 


In addition to Marley’s complete line of 
steel packaged cooling towers (see facing 
page), Marley makes a complete line of 
packaged wood towers for those jobs where 
unusually corrosive conditions are of para- 
mount importance, and other models are the 
last word in first-cost economy. 


Newest of the wood line is the PERMATOWER 
that sets a new standard of cooling tower 





Marley Wood Aquatowers® 
durability through the liberal use of inert 
materials throughout. Double-Flow design 
principle makes them adaptable to restricted 
locations. WOOD FORCED-DRAFT AQUATOWERS, 
with durable redwood structures and asbestos 
cement board casings, are also long-lived 
towers and top discharge solves many loca- 
tion problems. SPRATOWERS combine engi- 
neered, plus-perform- 
ance spray system and 
design simplicity for 
best natural draft cool- 
ing and rock bottom 
economy. Your Marley 
distributor can supply 
these products or com- 
plete application in- 
formation. 



















Marley SpraTowers® 


The 
Marley 
Company 
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Do Your Specs Call for 


“STEEL 
COOLING TOWERS ?' 


Marley 
Makes 
em All 


(hot dip galvanized 
after fabrication) 





Marley Aquatowers® Marley AquaCoolers® 


MARLEY AQUATOWERS® MARLEY AQUACOOLERS:® 


The Marley Company 


Kansas City, Missouri 
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taminants to five micron size. 
Moore & Hanks Company, 9702 East 
Rush St., El Monte, Calif. 


CONDENSING UNITS 
Commercial and industrial refrigera- 
tion condensing units, ranging in size 
from 7% to 150 ton capacity, may be 
the shortest units on the market to- 
day. (The smallest unit is 54 in. long.) 
They are designed for industrial 
plants, supermarkets, apartment build- 
ings, hotels and lockers. 

Bell & Gossett Company, Morton 
Grove, Ill. 


PACKAGED HEATERS 

Five oil and three gas winter air con- 
ditioners designed with warm. air 
blowers positioned under the heat 
exchanger are offered in this 1959 
line. The new blower arrangement 
makes possible a cabinet of minimum 
height without interfering with heat- 
ing efficiency. 

Btu/hr input ranges from 100,- 
000 for a gas-fired hi- or lo-boy and 
224,000 units for a suspended oil 
model. 

Thatcher Furnace Company, Gar- 
wood, N. J. 





SEALING MATERIAL 


To seal parts exposed to high humidi- 
ties, high-frequency freeze-thaw cy. 
cling and those subject to complete 
submersion in water, this manufac. 
turer offers a sealer for the effective 
prevention of air or moisture passage 
between similar or dissimilar mate. 
rials. Identified as Wat-R-Bar, the 
sealing material will not flow from 
—40 to 400 F and will not become 
brittle at —40 F. 

Presstite Engineering Products Com- 
pany, 39th and Chouteau, St. Louis, 
Mo. 





You can’t wrap the system in cellophane... 





PROTECT IT WITH BANOX’ 


Forms a molecular film on all metal surfaces contacted by 
recirculating water. Condenser, pump and water lines are 
protected against corrosion. Use at Spring start-up — 
after acid cleaning — at shut down. Get Banox from your 
Refrigeration Wholesaler today. 


CALGON comrany 


DIVISION OF HAGAN CHEMICALS & CONTROLS, INC. 


HAGAN BUILDING, PITTSBURGH 30, PA. 
in Canada: Hagan Corporation (Canada) Limited, Toronto 


hot-dip GALVANIZING 


Quality work to rigid standards, emphasizing quantity production 
on “hard-to-do” jobs. Also experienced metal-spraying applicators. 
Refrigeration, air-conditioning and heating items our specialty. 
Ideally located for eastern seaboard and export shipments. 








eS 





“=e, Members American Hot-Dip Galvanizers Association, Inc. 


PLASTIC SEALANTS 


Sealants with high bonding strength, based on Thiokol 
polysulfide rubber, are for use on metals, glass, stone, con- 
crete and wood. They are 2-component systems which 
mix readily and are applied in a pasty non-flowing con- 
sistency. When cured, sealants will set to a permanently 
firm flexible, non-tacky synthetic rubber. ; 
H. B, Fuller Company, 255 Eagle St., St. Paul, Minn. 


CONTROL VALVES 

Split-body valves for use in high-temperature, high-pres- 
sure control applications are in large flow capacities and 
face-to-face dimensions based on ISA standards. They 
may be interchanged with any standard make of dia- 
phragm valves. 432 different valve combinations may be 
developed from a single split-body. 

Kieley & Mueller, Inc., 64 Genung St., Middletown, N. Y. 


CAPILLARY CONTROL VALVE 

For use in reverse cycle heat pumps, this valve is installed 
in conjunction with the capillaries between the high and 
low side of the system. It provides single capillary re- 
striction for the cooling cycle and a double capillary 
restriction for the heating cycle. 

The valve body is made of hot forged brass and hard 
drawn copper tubing, silver brazed. The action employs 
a Swedish spring steel disc and an alnico permanent 
magnet. A built-in 80-mesh monel strainer affords maxi- 
mum protection to the capillary tube. 

The capillary control valve is applicable to all units 
up to and including five ton and may be used for either 
single or multiple capillary installations. 

Watsco, Inc., 1020 E. 15th St., Hialeah, Fla. 


a 





The Southern Galvanizing Co. 


1622 BUSH ST. > 
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ASHRAE JOURNAL 

















MAK 





di- 
cy- 
ete 
ac- 
ive 
ge 


te- 


S* 


id 


d 
id 
e- 
rv 





















9% Aetofin’ makes cxtendéd heat sur- 
: face “exclusively '— ‘not. as:-a~ by- 
product, not as a side-line. Sold 
only by manufacturers of fan- 
system apparatus. List on request. 





| EROFIN CorPorRATION 


101 Greenway Ave. Syracuse 3, N. Y. 
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ASHAE 65TH ANNUAL MEETING 


(Continued from page 75) 





temperature water heating. Professor W. L. Rogers 
described the sources of noises in piping systems 
and how they may be reduced. 

Methods for selecting standard pumping 
equipment for conventional hot water heat and 
closed water heat systems were offered by G. F. 
Carlson. Factors which should be considered in 
the design of refrigerant piping were presented 
by J. R. Chamberlain. He suggested the use of 
close coupled factory equipment rather than fabri- 
cated piping in the field. 

Four speakers covered various factors relating 
to heat pump performance. F. L. McFadden, Jr., 
described a water-sink type of heat pump which 
utilizes water drawn from an adjacent lake. He 
provided data on actual operation of the installa- 
tion, in use for seven years in the Southwest, and 
also related operating problems which have oc- 
curred. 

J. D. Kroeker reported upon a heat pump 
installation in the Northwest part of this country. 
He included data on practice and performance. 
Package heat pumps, including a summary of the 
present design of this equipment, were discussed 





by W. A. Spofford. He also presented operating 
results obtained from 78 residential installations 
in various locations. E. R. Ambrose reported oper- 
ating results obtained from central heat pump in- 
stallations in various locations. Performance of an 
air source compound heat pump was described by 
A. D. Spillman. 

Final engineering session of the Meeting was 
the Symposium on Corrosion and Water Treat- 
ment. F. $. Hodgdon outlined sources of corrosion 
and offered suggestions for overcoming this prob- 
lem. Both chemical and mechanical methods were 
discussed. Additives would control or change the 
acidity contained in the water. Electrolytic corro- 
sion could be minimized by using similar metals 
and corrosion due to mechanical means prevented 
by avoiding water traps. 

Selection and methods for handling insulation 
applied to outer surfaces of piping which could 
reduce this type of corrosion were presented by 
C. E. Ernst. 

L. D. Polderman discussed maintenance against 
freezing in underground hot water piping. Selec- 
tion of anti-freeze solutions, keeping solutions at a 
proper level and some methods to minimize cor- 
rosion by these solutions were covered. Preparing 
specifications properly to provide for the desired 
solving of water corrosion problems was discussed 





GET ACCURATE) 
FLOODED SYSTEMS | 
CONTROL 


with this level regulator 








A SIMPLE CONTROL IS THE BEST CONTROL 
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®@ Proportioning action for smooth feed at all 
capacities 


® Tight Closing with Teflon seat discs 


@ Self actuation—no electrical or pneumatic 
connections needed 


@ Visible liquid level through exclusive “Level 
Eyes” 


@ Adjustable level achieves maximum ¢a- 
pacity with minimum charge 


IN ADDITION — Phillips pilot oper- 
ated valves are available for all common 
refrigerants, down to —50° F. Operates 
with as low as 2 PSI pressure drop and 
up to 250 PSI with selected springs. 
Line sizes 14 inch to 4 inches with steel 
or copper connections. 


“* Solve your flooded system design and 
application jobs by consulting Phillips. 
Our firm of engineers have speci 

in level control, liquid-vapor separation, 
liquid circulation and return systems for 
over 28 years. 





H. A. PHILLIPS & CO. 
Designers and Engineers 
Refrigeration Control Systems 
3255 W. Carroll Ave. 

Chicago 24, Illinois 
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Here are 5 


of the 18 reasons 
why it pays 

to pick Chrysler 
Liquid Chillers 


Cooling for comfort? Or cooling a process? 
Only Chrysler Airtemp SW Liquid Chillers 
offer so many exclusive engineering ad- 
vantages. Take the hermetically-sealed 
radial compressor, for example. You get: 


@ Floating power. Rubber-in-sheer suspension absorbs 
vibration. Noise is gone . . . and so are vibration- 
caused service headaches. 


@® Direct drive. No belts, no pulleys, no seals to break 
down. You get greater efficiency, less noise from a 
more compact package. 


8) Positive lubrication. Exclusive pressure pump is 
sealed in a bath of oil. Moving parts get constant 
lubrication for long, trouble-free life. 


@) Crankcase heater. Prevents refrigerant from condens- 
ing and diluting lubricant. Oil stays clean . . . and 
always ready to flow. 


6) Sealed-in motor. Dust-proof for longer service life. 
Directly connected to dynamically balanced crank- 
shaft to cut weight and operating costs. 


The rest of the 18 reasons? They include innerfin 
direct expansion chiller, automatie control panel, 
easier installation and . . . But why not get the 
complete story from your local Chrysler Applied 
Machinery and Systems sales office. Or write: Air- 
temp Division, Chrysler Corporation, Dept. Z-39, 
Dayton 1, Ohio. 





> HRYSLER 


AIRTEMP 


FIRST WITH THE FINEST IN AIR CONDITIONING 
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Reason why — it Pays to Specify 
United Seamless Copper. Tube 


And United Aluminum and brass tube, too, for 
tube tolerance is a vital factor in terms of your 
manufacturing profit. Specialists in precision 
small-diameter, thin-wall tube, United draws 
every tube inch to meet specifications. If 
exacting diameter, wall thickness, temper, 
finish and cleanliness are important to 
you, It Pays to Specify United: Write for 
information or quotations: ; 
United Wire and Supply Corporation | 
Providence 7, Rhode Island 





tZ4lLLu 








; 














~.000 





elie tes li ace Aten 








* For aluminum, brass and oppe r wire and tube 
ion silver pening :Y 


"UNITED: 


€ 
ee ne eee » 





i 4 
TYPICAL UNITED WjRE 
| TUBE TOLERANCE 






-+-~ 1, 
010 WALL 050 go. 
(am) amt 


< aways Specify 










































tbe 





by W. L. Andrews. Mrs. Olivia Burkey outlined 
principles to be followed for the proper treatment 
of water used in air conditioning. Water becomes 
contaminated from corrosive elements in the air, 
she said, and suggested the use of chemical addi- 
tives, testing and keeping equipment clean. 

Dr. James Creese, president, Drexel Institute 
of Technology, addressed the Welcome Luncheon 
on “Independence Hall and the Kremlin.” James 
Y. Payton was presented the ASHAE-Homer 
Addams Award for graduate study and Dr. Merl 
Baker, Director of the Kentucky Research Founda- 
tion and Professor of Mechanical Engineering, 
University of Kentucky, received the Life Members 
Award. 





Applications 





ICE TEMPERATURES CONTROLLED 
IN MULTI-SPORT ARENA 


Precise temperature control in the West Orange, N.]., 
public indoor ice skating rink is maintained by a 
modulating thermostat used with two Worthington 
refrigerant compressors. By unloading half the cyl- 
inders of each compressor, the c capacity may be varied 
from a full 140 ton of refrigeration to 105, 70, 35 and 0 
ton. Varying control is necessary because hockey, 
figure .skating and public skating require different 
ideal ice surface temperatures. 

The capacity variations are regulated by the 
modulating thermostat with an adjustable differential 
and motor driven step control enabling the brine tem- 
perature to be held as close as % deg. 


SPLIT INSTALLATION, LESS TIME 


Simplicity of installation marked the recent place- 
ment of the Kramer-Trenton Company Thermobank 
Compressor System in the 6000 sq ft freezer addition 
to Rotelle, Inc., frozen food plant in Pennsylvania. 

The high side of the outdoor equipment is in- 
stalled outside the building with no construction or 
protection needed. The unit has its own weather 
protecting hood. The high side was split into two 
systems, one at each side of the building. 

The temperature of the freezer room is held 
constant with two air-cooled Thermobank compressor 
systems, each having a capacity of 83,500 Btu/hr. In 
the three large vegetable and fruit storage rooms are 
Coolmaster unit coolers. 

Less than 100 man-hr were required to install all 


| the refrigeration equipment in the freezer, a 100 x 60 


x 12 ft room, capable of storing 30 carloads of frozen 
fad 
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WilT ASHRAE CHAPTERS ARE DOING 





— 
(Continued from page 99) 

ll water systems, or refrigerant systems with self-con- 

tained window units. He then compared and contrasted 

these, using charts to illustrate his lecture. 


JOHNSTOWN (H) . . . Reviewing present day develop- 
ments in energy utilization, H. E. Voegeli, development 
engineer, American Brass Company, spoke to these mem- 
hers on Solar Energy and the Heat Pump. 

After giving a description of early work on heat 
pumps and energy storage, he described a system he is 
juilding in Connecticut using a simplified solar collector, 
a heat pump and water tank heat sinks. 


CINCINNATI (H) . . . Donald Owen talked on Applica- 
tions of Electric Heating in Our Industry at a recent 
meeting. He is with E. L. Wiegand Company. 


HOUSTON (R) . . . Speaker of the evening in January 
was H. Banks Edwards, Acme Industries, who covered 
Heat Pumps and Their Application. 


NEW MEXICO (H) . . . Using the ASHAE Guide as a 
text, C. N. Rink, manager, Industrial Acoustic Corpora- 
tion, Inc., was the guest speaker here recently. He ex- 
plained the fundamentals of ventilating acoustics. 


PUGET SOUND (H).. . Recent guest speaker was D. P. 
Dakos, Pacific regional supervisor, Sound Control De- 
partment, Koppers Company, Inc. He presented Predict- 
ing the Degree of Noise Reduction Required for an Air 
Distribution System. 


ERIE (R) . . . American Education vs. Russian Education 
came under scrutiny at the January meeting of this group 
when Fr. Wilfred Nash, president of Gannon College, 
presided as speaker. 


BUFFALO (R) . . . Air Conditioning and the Power Com- 
pany was the topic up for discussion at the February 
meeting, after members toured the Huntley power gen- 
erating station in the Niagara-Mohawk area. 

At the January meeting, the group heard Dennis 
Lane, Dearborn Chemical Company, on Water Treatment 
Problems and Solutions. 


PHILADELPHIA (H) . . . John Engalitcheff, Jr., de- 
livered an informative talk on Water Conversion Equip- 
ment, Theory and Application. He is president, Baltimore 
Aircoil Company, Inc. 


CENTRAL MICHIGAN (R) . . . Scheduled for the Feb- 
mary meeting of this group was a discussion of Re- 
frigerant Blown Urethanes, by John J. Rotto, Pellon Cor- 
poration. 


EMPIRE STATE CAPITAL (H)... Miss B. A. Hicks, 
president, Newark Controls Company, presented a talk 
on the effects of shock, vibration, acceleration and tem- 
perature on the design of aircraft controls. 


WESTERN MICHIGAN (H) .. . Mechanics and Opera- 
tion of the new Monroe Nuclear Power Plant were exam- 
ined by E. G. Sliper, product engineer, Commonwealth 
Associates, in meeting with these members. 

He gave a brief history of the atomic energy de- 
velopments concerning power plants, indicating he thought 
twas necessary for several large companies to join forces 
Morder to obtain enough capital for such studies and 
installations. 
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Reason why — it Pays to Specify 
United Seamless Copper Tube 





" your size require for copper, 








aluminum or brass tube... specify United. A precision ~~ 
small-diameter, thin-wall tube mill (from finest 
capillary up to'142”) United delivefs tube to exact 
specifications for size, tolerance, temper, 

finish and cleanliness. In coilg, standard mill 
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Model Shown: AJ4MC 
Powered by Onan 
Single-cylinder engine 


NEW ENGINE-COMPRESSORS 


for mobile air conditioning or refrigeration 


Built as integrated in-line units with Onan engines direct- 
connected to Onan compressors. Compact, permanently- 
aligned and smooth-running. No troublesome belts, coup- 
lings or sheaves. Optional accessories: batteries, starters, 
zenerators, and fans. Onan 4-cycle engines, built for con- 
unuous duty and long life, operate on either gascline or 
Propane. World-wide parts and service organization. 
THREE MODELS: AJ4MC: | ton cap., 4.1 H.P., F-12 refrigerant. 
LK5MC: 21 tons cap., 6.25 H.P., F-22 refrigerant. 
CCK1!1MC: 5 tons cap., 12.9 H.P., F-22 refrigerant. 


Write for engineering data. 
D. W.ONAN & SONS INC. 
3766A University Ave. S. E., Minneapolis 14, Minnesota 





Onan 


PRODUCTS 





ELECTRIC PLANTS + AIR-COOLED ENGINES + GENERATORS + KAB KOOLER 
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/TEMPERATURE LIMITED \ 


BURLINGTON RD LONDON SW6 ENGLAND 
Phone: RENown 5813 (P.B.X.) Cables: TEMTUR LONDON 


LARGEST PRODUCER OF 
AIR CONDITIONING UNITS 
OUTSIDE THE U.S.A. 


-~7- 7? 
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Applicants for and elections to 


ASHRAE MEMBERSH) 


In this issue of the ASHRAE Journal there appear two Sroups gf 
references to current ASHRAE membership. 

Because ASHAE has been following the plan of publishing the name 
of applicants, while ASRE published the names of those actually elected, 
a dual character, without duplication, here exists. 

Subsequent listings, in accordance with ASHRAE By-laws Will cove 
applicants only. 





Additions and Changes— 
ASRE Membership 


The following applicants for ASRE membership, promotion or ty. 
statement were approved by the ASRE Council prior to the con 


tion of the merger with ASHAE, Symbols indicating the approved grj. 


of membership are *Associate; fAffiliate; $Student; all others Membe 


PROMOTIONS 


Askin, David, Chief Environmental Lab, Frankford Arsenal, Bridge § 
Tacony Sts, Philadelphia 37, Pa. 


Cowan, Armand, Proj Engr, McDonald A C Inc, 261 NW %& 
Miami, Fla. 
*Duerr, Ronald C., Engr, A Burgart Inc, 2705 W Henrietta 


Rochester, N. Y. 

Jackson, George R., Sls Engr, York Corp, 1221 Concord Ave., Birming 
ham 18, Ala. 

ee Sls Engr, Dunham-Bush Inc, 250 E 43rd St, New You 
ie sf : 

Kapur, J. C., Mgg Dir, A C Corp Pt Ltd, E 2 Gillanders Hog 
Calcutta 1, India 


NEW MEMBERS 
(New Basis) 


Region VII—St. Louis Section 


*Cummins, Robert J., Sls Engr, Mazlo Coil Co, 7100 S Grand Aw 
St Louis 11, Mo. 

*Pryor, Harry H., Proj Engr, National Vendors Inc, 5055 Natunl 
Bridge, St Louis 15, Mo. 

Me yee T. J., Owner, T J Wadell Co, 1110 S Brentwood, St Lom 
i o. 


Region IX—Los Angeles Section 


+Avila, Victor G., Mech Des, Ralph B Phillips Inc, 2001 W Olympe 
Blvd, Los Angeles 6, Calif. 


Region IX-—Pacific Northwest Section 


Raabe, Burlyn C., Engr, Puget Sound Engg Inc, 3838 10th ME 
Seattle 5, Wash. 

7Walling, V. C., P O Box % 

» Bellevue, Wash. 


Sls Repr, Virginia Smelting Co, 


Region IX—-San Joaquin Section 


Grotzke, William L., Mech Eng:, Walter Wagoner & Partner, li 
. Van Ness Ave., Fresno, Calif. 


(Old Basis) 


Region I—New York Section 


tBlacksburg, Alvin B., Student, City College of New York, 836 Grom 
St, Brooklyn 13, N. Y. 


Region Il1—National Capital Section 


+Caudill, Charles G., Chief Maint Br, U S Army Chem Warfare Labs 
Bldg 330, Army Chemical Center, Md. 


Region !1—Philadelphia Section 


*Ikeda, George K., Proj Engr, Borg Warner Corp, York Div, 3 Pet 
Center Plaza, Philadelphia, Pa. 

*Knerr, Charles G., Br Mgr, John J Nesbitt Inc, 8701 Torresdalé 
Philadelphia 36, Pa. % 

;Tiffany, Harold E. Jr, Special Repr, Sun Oil Co, 1608 Walnut 
Philadelphia 2, Pa. 

+Wood, David H., V P Henry Bower Chem Mfg Co, 2815 Grays Fem 
Ave, Philadelphia 46, Pa. 


Region 1V——Central New York Section 

+Soler, Peter J., Draftsman, Carrier Corp, Carrier Parkway, Syracl® 
ky Ie Ee 

Region 1V—Montreal Section 

+Vince, George J., Serv Mgr, Warren Canadian, 930 Jean Talon ¥, 
Montreal, Que, Cana 


Region 1V—Ontario Section 


*Colwell, Denis C., Sls Rep, Clarke-Parry A C Ltd, 322 Howlasl 
Ave, Toronto, Ont, Canada 

+Hansen, Harry, Sis, Circle Refrigeration Ltd, 50 Soudan Ave, Tor 
9, Ont, Canada 
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Region 1V——-Rochester Section 


*fedder, Robert P., Owner, R P Fedder Co, 70 Shorewood Dr, 
Rochester 17, N. Y. 


Region Vil—-Western Michigan Section 


jHeller, Merlgene, Test Engr, Norge Sls Corp, 88 W Broadway, 
Muskegon Heights, Mich. - 3 
Phillips, B. A., Mgr of Research, Whirlpool Corp, 300 Broad St, 
St Joseph, Mich. : 
{Travis, Charles W., Partner, Travis-Applegate Co, 714 Building & 
Loan, Grand Rapids, Mich. 


Region Vill—-Cincinnati Section 


*Worland, Edmond H., Engr Asst, Cincinnati A C Co, 1415 Walnut 
St, Cincinnati, Ohio 


Region Vill—Evansville Section 


*Platts, John H., Gen Mgr, Whirlpool Corp, U S Highway 41 N, 
Bvansville, Ind. 


Region Vill—Indianapolis Section 


Day, William M., V P, Bryant Mfg Co, 2020 Montcalm St, India- 
napolis 7, Ind. 


Region X—Twin City Section 


‘Coulter, Eugene, Sls, Tempron Inc, 3016 4th Ave S, Minneapolis, Minn. 
‘Quint, Harold L., Jr Engr, McQuay Inc, 1600 Broadway, Minneapo- 
lis, Minn. 


Region XI—Birmingham Section 


Keith, Fred E., Engr, James A Evans, Cons Engr, 340 Brown-Marx 
Bldg, Birmingham, Ala. 


Region XI—Florida West Coast Section 
Jobes, Harry W., V P & Gen Mgr, Typhoon Heat Pump Co, Div of 


. 


Hupp Corp, 2001 Garcia Ave, Tampa 1, Fla 


Region XI—-South Florida Section 


Fink, Herbert D., C E, Biscayne Cooling Corp, 610 NE 13th St, 
Miami 32, Fla. 


Panama-Canal Zone Section 


?Billhorn, Harry, Instal Forman, Hojalateria Panama, Avenida Transis- 
mien, Panama, R of Panama 

*Cullen, James C., Mech Engr, Panama Canal Co, Balboa Heights, 
Canal Zone 

‘Speier, Claus D., Mgr A C Dept, Elga S A, Via Espana, Panama, 
R of Panama 


Unassigned to Sections 


*Booth, Kenneth M., Tech Mgr, Winget Refn Ltd, 279 Tottenham 
Court Rd, London W 1, England 

*Boughner, Homer K., Apl Engr, Kysor Heater Co, 1100 W Wright 
St, Cadillac, Mich. 

7Goltz, George L., Engr, Goett] Bros Metal Prod, 2005 E Indian 
School Rd, Phoenix, Arizona 

‘Torres, Jorge, Br Mgr, S A V E R Guinand, 103-63, Valencia- 
Carabobo, Venezuela 


REINSTATEMENT 

“7 em R., Mgr, Airtherm Supply Co, 15625 Saranac Rd, Cleveland 
, Ohio 

Moe, pobeiel F. Jr, Engr, Philco Corp, Tioga & C St, Philadelphia 


, Pa. 
Pie Thomas P., V P, Joines Rfn Inc, 916 EW Highway, Takoma 





Candidates for Membership—ASHAE 


These are recent candidates for membership or advancement in mem- 
bership grade as received by ASHAE prior to the consummation of 
merger with ASRE. Members are requested to assume their full share 
of responsibility of receiving these candidates into membership by 
Wvising the Executive Secretary before March 30, 1959 of any whose 
eligibility for membership is questioned. Unless such objection is made 

candidates will be voted upon by the ASHRAE Board of Directors. 


Note: * Advancement tReinstatement 


Arizona—Region IV 


Apperson, R. L., Owner, Apperson Plumbing Service, Tucson. 
Ash, R. S., Pres. & Owner, Temp-Rite Engineering Co., Inc., Tucson. 
no, Charles, Sales Mgr., Southern Arizona York Refrigeration 


i cson, 
Brainard, E. H., Jr., Engr., Refrigeration & Air Conditioning Sales, 
Ine., Tucson. 
Burner, C, A., Jr., Vice-Pres., Clark & Co., Tucson. 
Gow, M. J., Vice-Pres., Air Filter Service & Mfg. Co., Tucson 
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TRANSPORTATION 
REFRIGERATION PROBLEMS ? 





FOR UNDERFRAME OR NOSE MOUNT 








Completely electric . . . Powered by a heavy duty, light weight, 
engine-mounted generator . . . Same type of power as nighttime 
plug-in . . . Full capacity hermetic compressor. 


© Blower coil, Cold-Cel Holdover Truck Plates or Truk-Cel Eutectic 
Blowers can be used. 

© Heat-Cel Automatic Hot Gas Defrost on low temperature blower 
coil systems. 

@ Heating available for winter. 

@ Auxiliary truck-mounted electric equipment (pumps, hoists, 
lights, etc.) operated from same power source. 

© Only standard electrical and refrigeration circuits used. 

DOLE REFRIGERATING COMPANY 
5940 NORTH PULASKI ROAD, CHICAGO 46, ILLINOIS 


103 PARK AVENUE, NEW YORK 17, N. Y. 
Dole Refrigerating Products Limited, Oakville, Ontario, Canada 


Write for Engineering Catalog HE 


MMasumum Retrgeravan Etcency 


" 
tne Lineé 





137 





















3405 Gaul St. 





MONARCH 


non-clogging 


SPRAY NOZZLES 


f 











Mn 





For Air Washing 


We recommend either %” or 
¥%” Fig. 629 male pipe (illus- 
trated) or %” Fig. 631 (female) 
_ Brass nozzles. Small, efficient, and 
inexpensive, they produce an evenly 
distributed hollow cone spray. One 
large lead hole minimizes any clogging tendency. 
Capacities from 3.8 G.P.H. up at 40 Ibs. 


For Re-Cooling 


Monarch Fig. B-8 and B-8-A cast Brass nozzles, 
for cooling condensing water in spray ponds, 
use no internal vanes or deflectors which might 
facilitate clogging. Available in capacities up to 
160 G.P.M. at 10 lbs. 


Write for Catalog ! 











MONARCH MFG. WORKS, INC. 


Philadelphia 34, Pa. 


AENNNOELeHEEROR EEN i eeton seen enenentonenD ‘ trenens ’ . ' seen 


New ANEMOTHERM 
AIR METER gives you 










Air Velocity 
Air Temperature 
Static Pressure 
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The new model 60 Anemotherm Air Meter helps you 
balance heating, ventilating and air conditioning sys- 
tems the modern pushbutton way. It puts air velocity, 
air temperature and static pressure at your fingertips 
... pays for itself through time saved on only one 


major job. e Write for Bulletin 55 giving all 


essential data. 
AC 13368 


AMERICA 


16, N. Y 


ANEMOSTAT CORPORATION OF 


10 EAST 39th STREET, NEW YORK 


is 





Cota-Robles, Frank, Co-Partner, Lenco Heating, Cooling & Sheetmetal, 
Tucson. 

Cunning, C. M., Vice-Pres., Aire Engineering Co., Tucson. 

Da Cunha, M. M., Sales Engr., Hearn Plumbing & Heating, Ine,, 
Tucson. 

Davis, K. H., Repr., Russell Heating & Cooling, Tucson. 

Dehlinger, B. N., Sales Engr., Krueger Air Conditioning Co., Tucson, 

de Pagter, P. C., Clark & Co., cson. 

Diedrich, R. B., Field Repr., Arizona Pipe Trades Industry Program, 
Tucson. 

Dinwiddie, H. L., Owner, Hydronics Equipment Co., Tucson. 

Doelling, A. W., Br. Mgr., Amstan Supply Div., American-Standard, 
Tucson. 

Dombrowski, L. A., Jr., Engr., Keller & Gannon, Tucson. 

Dyer, J. D., Pres., Dyer & Lee, Tucson. 

Gallon, A. H., Gen. Mger., Temp-Rite Engineering Co., Inc., Tucson, 

Glover, H B., Jr., Engr., Glover & Miller, Tucson. 

Greenheck, A. G., Sales Repr., Krueger Air Conditioning (o, § 
Greenheck Fan & Ventilator Corp., ‘Tucson. 

Griffith, W. F., Pres., Aire Engineering Co., Tucson. 

Hamilton, A. E., Mech. Engr., University of Arizona, Physical Plant 
Tucson. 

Hearn, R. E., Secy., Hearn Plumbing & Heating, Inc., Tucson. 

Heskett, D. M., Supt. Gas Dept., Tucson Gas, Electric Light & Powe 
Co., cson. 

Kavathas, J. G., Asst. Mgr., Machinery & Supply Co., Tucson. 

Kemp, J. H., Mgr., of Industrial Insulation, Hall Insulation & Tip 
Co., Tucson. 

Krueger, Leo, Pres, Kreuger Air Conditioning, Tucson. 

Lovell, G. L., Asst. Mgr., Tucson Pipe & Supply, Tucson. 

McKinney, L. A., Dvipt. Engr., Infileo Inc., Tucson. 

Means, Don, Owner, Don Means Airconditioning, Tucson. 

Miller, S. P., Pres., Glover & Miller, Inc., Tucson. 

Nally, L. A., Pres., Clark & Co., Tucson. 

O’Hair, J. H., Mech. Draftsman, Terry Atkinson, Archt, Tucson, 

Olmsted, W. E., Indus. Sales Mgr., Tucson Pipe & Supply Co., Ine, 
Tucson. - 


Robertson, Pres., 
Russett, F. R., Jr., Owner, Russett Heating & Cooling, Tucson. 


Southern Arizona York Contracting , 
Tucson. 


Shipley, D. D., Clark & Co., Tucson. 

Smith, E. D., Pres., Air Filter Service & Mfg. Co., Tucson. 

Smith, G. T., Bldg. Supvsr., Mountain States Telephone & Telegraph 
Co., Tucson. 


Smith, J. B., Prod. Megr., Krueger Air Conditioning Co., Tucson, 

Sterrett, D. O., Vice-Pres., Arizona Insulation Co., Tucson. 

Vesey, F. A., Dir. of Engrg. & Maint., Tucson Public Schools, Tucson, 

Waggoner, W. M., Cons. Engr., Tucson. 

oe Cc. G., Jr., Fres. & Gen. Mgr., Weeco Contractors, Ine,, 
cson. 


California—Region IV 


Hall, J. C., Sales Enegr., American Air Filter Co., Inc., Los Angeles, 
Hanson, D. M., Vice-Pres., Gayner Engineers, San Francisco. 
Lafas, C. D., Design Engr., Frank L. Hope & Assocs., San Diego. 


Lewis, L. W., Chief Mech. Engr., Robert E. Grady, Cons. Engr, 
San Francisco. 
Miracle, T. J., Sales Engr., Minneapolis-Honeywell Regulator (o, 


San Francisco. 

Palmer, J. M., Mech. Engr., The E-L-E Co., Los Angeles. 

Purcell, M. A., Sr. Mech. Inspector, Bldg. Inspection Div., County of 
Sacramento, Sacramento. 

Taube, T. N., Asst. Chief Engr., Wesix Electric Heater Co., San 
Francisco. 

Wistort, R. A., Proj. Engr., Keller & Gannon, San Franciscce. 

Yoshpe, Daniel, Mech. Engr., L. A. O’Mara, Cons. Engr., Sacramento. 


Georgia—Region V 


Cooper, J. S., Sales Engr., Mingledorff’s, Inc., Atlanta. 
Catts, G. R., Jr., Assoc., James W. Austin, Jr., Cons. Engr., Atlanta. 


Ilinois—Region Ill 


Brown, D. M., Gen. Mer., Refrigeration Systems, Inc., Chicago. 
Dameron, F. E., Asst. Directirg Engr., Crane Co., icago. 
Hildebrand, W. O., Sales Engr., American Blower Div., Moline. 


Indiana—Region II 


*Hawkins, J. M., Mer., H. C. M. Technical Service, Inc., Lafayette. 

Morton, D. H., Sales Engr., American-Standard, Industrial Div. 
Indianapolis. 

—— J. W., Sales & Service Engr., G. W. Berkheimer Co., Inc., 
arry. 


lowa—Region Ill 
Drees, L. J., Htg. Engr., Leighton Supply Co., Ft. Dodge. 


Kansas—Region Ill 
Hail, D. M., A-C Engr., Gas Service Co., Mission. 


Kentucky—Region V 


Elbrecht, R. L., Sales Engr., Johnson Service Co., Louisville. 
O’Roark, Charles, Fuel Engr., Clearbrook Coal 


Louisiana—Region V 


Grimaldi, E. A., Vice-Pres., Grimaldi Plumbing & Heating Co., Int» 
New Orleans. 

*Maloney, J. H., Southern Dist. Mgr., Ilg Electric Ventilating 0» 
New Orleans. 

Norman, H. E., Sales Engr., Johnson Service Co., Baton Rouge. 
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Louisiana—-Region vi o 
vodnax, M. G., Engr., Air Conditioning Dept.., Arkansas Louisiana 
Pus Co., Shreveport. 


Maryland—Region Vv 


pirone, N. M. Sr., Pres., Pirone Co., Inc., Baltimore. 


massachusetts—Region | 


i . & A-C., Boston Gas Co., Boston. 
are Ww S. Pir. atinator, George M. Montle, Fall River. 


Minnesota—Region II} 


i . Reprs., Charles W. Guptil Co., St. Paul. 
Gat, 4 DG ViewPres” General Sheet Metal Corp., Minneapolis. 
— "M.. Sales Engr., Johnson Service Co., Minneapolis. 


Sag F., Pres., Ross & Schulz, Inc., St. Paul. 


Missouri—Region III 


i . J., Field Engr., Alco Valve Co., St. Louis. 
eee Oa, Supvsr., Gas Service Co., Kansas City. 


Montana—Region Ill 
Mathsen, A. J., Owner, Al J. Mathsen Co., Butte. 


Nebraska—Region Ili 
H. Martig, Inc., Omaha. 


. E., Ohief Engr., A-C. Div., J. H.} 
po $ me Mesh. Engr, Utilities Div., Dir.-Engr., HQ. SAC., 
Offutt AFB. 


fRuchie, C. O., Mech. Engr., U. S. Air Force, Strategic Air Command, 
Offut Base, Omaha. 


New Jersey—Region | 


, C. M., Sales Engr., Kruse Engineering Co., Newark. 
fates, Gerald, Proj. Engr., Engineers Co., Inc., Newark. 


New York—Region I 


, E. E., Partner, Jacobus & Babinsky, Buffalo. 
oo Lorenzo, Sales Engr., John J. Nesbitt, Inc., New York. ; 
*Burtman, Norman, Chief Estimator, Triangle Sheet Metal Works, 
.. New Hyde Park. : 
caftsey, R. ie: Sales Engr., Johnson Service Co., New York. 
Cummins, J. H., Draftsman, Moyer & Moyer, Cons. Engrs., Syracuse. 
Fox, A. H., Sr. Designer, Seelye Stevenson Valve & Knecht, New York. 
Hochhauser, Murray, Mgr., N. Y. Office, Karsunky, Weller & Gooch, 
York. : 
Moral Arthur, Pres., Marathon Air Conditioning Corp., New York. 
Kanevsky, Sergei, Engr., Syska & Hennessy, New York. 
long, F. M., Sales Engr., The Trane Co., New York. 
Polis, Theodore, Sales Engr., Iron Fireman Mfg. Co., New York. 
Rosenfeld, Walter, Chief Engr., John Grace & Co., Mineola. 
Traugott, F. A., Proj. Engr., Robson & Woese, Syracuse. : 
Warmflash, Schuyler, Engr., III Mech., Port of New York Authority, 
New York. 


Ohio—Region Il 


Padavick, R. M., Sr. Techn., The East Ohio Gas Co., Cleveland. 
*‘Staubitz, A. J., Supt., R. E. Kramig & Co., Inc., Cincinnati. 


Oklahoma—Regitmni VI 


Baker, J. L., Sales Engr., Carrier Corporation, Oklahoma City. 

Morse, W. O., Sales Engr., Rex Bircket & Co., Tulsa. 

*Reese, D. G., Vice-Pres. & Sales Engr., Acme Service & Supply Co., 
Muskogee. E : 
‘Trammell, G. E., Jr., Dept. Head, Mech. Engrg. Section. Hudgins, 
Thompson, Ball & Assocs., Oklahoma City. 


Oregon—Region IV 


Chapman, F. A., Repr., Pacific Plumbing Co., Portland. 

John, J. C., Draftsman, Thomas E. Taylor, Cons. Engr., Portland. 

Mathews, S. L., Mech Engr., Cornell, Howland, Hayes & Merryfield, 
rvallis. 


McClintick, D. L., Sales Engr., Pacific Pumping Co., Portland. 
Neffendort, R. C., Drafting Engr., Thomas E. Taylor, Cons. Engr., 
ortland. 


Pennsylvania—Region | 


Crawford, J. L., Mech. Engr., United Engineers & Constructors, Inc., 
Philadelphia. s 
mberg, W. P., Supt. & Engr., Corbit’s, Inc., Reading. : 
wrence, Bernard, Owner, Kalamazoo Sales & Service, Greenville. 
Sidchin’ M., Bldg. Serv. Designer, Day & Zimmermann Inc., Phil- 
ja. 

Rhea, J. B., Supvsr., Com. Sales Services, West Penn Power Co., 
Greensburg, ’ 

Snyder, S. A., Engr., The Powers Regulator Co., Pittsburgh. 
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| Get CODE-ACCEPTED 


: : 


———~ pressure protection with 


BSeB Sealed lype 


SAFETY HEADS 


No question about completely reliable pressure 
protection when you use BS&B Sealed-Type Safety 
Heads. They comply fully with the standards 
established by the ASA B-9 Refrigeration Code 
and the ASME Unfired Pressure Vessel Code. 


The BS&B Sealed-Type Safety Head is a small 
“throw-away” brass fitting containing a fine silver 
rupture disc designed to burst at a predetermined 
pressure. When over-pressure develops, the 
rupture disc “blows” to provide instantaneous 
release of pressure. 


BS&B Sealed-Type Safety Heads give you 
guaranteed protection at a nominal cost that is 
negligible compared to what may be saved in 
damage to equipment or injury 

to personnel. Available in a 
variety of types, pressure 
ratings and connection sizes. 
Write for free descriptive 
literature and prices. 


2 


acinar ie 










Brack, Sivaits & 


Bryson. inc. 
Safety Head Division, Dept. 2-U3 
7500 East 12th Street 

Kansas City 26, Missouri 
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What are YOUR 
Water Conditioning 


Problems ? 


Be Sere You Get the WRIGHT Answer 


Because water conditioning problems are individual, no 
one “cure-all” solves them all. The Wright method dis- 
covers which detrimental factors are characteristic of 
your water system and treats the specific condition. Wright 
Service provides a study of your water problem, a labora- 
tory analysis is made, a written proposal gives recommenda- 
tions for the solution, then frequnt checks are made to 
assure continued efficient performance. There is no guess 
or experiment. Write or call us today for a survey of your 
water conditioning problems. No obligation. 


WRIGHT GHEMIGAL CORPORATION 
[Ulriaht 









GENERAL OFFICES AND LABORATORY 
633 WEST LAKE STREET, CHICAGO 6, ILLINOIS 
Offices in Principal Cities 
© Softeners, Filters and other external Treating Equipmen’ 
@ Nelson Chemical Proportioning Pumps 








National 
Board 
Certified 





AMMONIA VALVES 
AND ACCESSORIES 


Now available in a complete size 
range — flanged globe and angle valves 
with forged steel flanges in F. P. T., 
socket-weld and welding neck types. 

Other Henry products include globe 
and angle shut-off valves; ASME 
approved relief valves; dual relief 
valve assemblies; forged steel flanges, 
unions and fittings. 

Write for Current Literature and Price Sheets: 


Cat. No. 202— Ammonia Valves and Accessories 
Cat. No. 73—Drop Forged Carbon Steel Fittings, 
Unions and Flanged Unions 


HENRY VALVE COMPANY 


3215 North Avenue, Melrose Park, Illinois (Chicago Suburb) 
Cable: HEVALCO, Melrose Park, Illinois 
ALVES AND ACCESSORIES FOR REFRIGERATION AND INDUSTRIAL APPLICATIONS 





Catalog 73 
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Rhode Island—Region 1! 


Halliwell, J. C., Owner, Halliwell Engineering Assocs., Warren, 
Kerzner, Max, Treas., Bassett & Co., Inc., Pawtucket. 


South Carolina—Region V 


+Thackton, T. B., III., Supvsr., Freeman Heating & Air Condition. 
ing Co., Ine., Greenville. 


Texas—Region VI 


Dodge, J. H., Engr., Wood Leppard Air Ng md Co., Houston, 

+Dozier, J. D., Sales Engr., W. E. Lewis Co., Dallas. 

Fluker, B. J., Asst. Research Engr., Texas Engineering Experiment | 
Station, College Station 

McDonald, J. W., Sales Repr., Stockham Valves & Fittings, Dallas, 

Scoates, W. D., Pres., Airfoil Impellers Corp., College Station, 

Sivley, R. G., Supvsr. , Com, Sales Dept., Houston Lighting & Power 
Co., Houston. 


Utah—Region IV 


Robinson, D. N., Br. Sales Mgr., Carrier Contracting Corp,, Sak | 
Lake City. 


Virginia—Region V 
Daughety, J. C., Design Engr., Silver Assocs., Norfolk. 


West Virginia—Region V 


Walker, O. K., Customer Service Supvsr., United Fuel Gas (o,, 
Charleston. 


Washington—Region IV 


Ceserani, F. L., Chief Gas Engr., The Washington Water Power Coy | 

Spokane. ’ 
Pfeil, W. F., Shop Supt., Allied Sheet Metal Fabricators, Inc., Seattle. 
Stainbrook, G. S., Sales Repr., Larry Harrington Co., Inc., Seattle. 


Wisconsin—Region Il 
Manci, F. R., Design Engr., Lofte & Fredericksen, Milwaukee. 





Canada—Region VII 
pe R. R., Sales Engr., Trane Co. of Canada, Ltd., Winnipeg, 


an. 

Beattie, W. L., Sales Repr., Alpha Engineering, Ltd., New West- 
minster, B. 

*Berton, V. F., “Architect, Dept. of Public Works, Ottawa, Ont. 

Bell, G. K., Repr., Dominion Bridge Co., Ltd., Lachine, Que. 

Bieles, R. J., Motor Sales Specialist, Canadian General Electric Co,, 
Ltd., Montreal, Que. 

Chappell, R. W., Sales Mgr., Douglas Engineering Co., Ltd., Montreal, 


Que. 

Frederiksen, W. C., Chief Engr., Alpha Manufacturing Co., Ltd. 
Winnipeg, Man. 

Hanley, A. J., Partner, Brais, Frigon & Hanley, Montreal, Que. 

LaLonde Bernard, Vice-Pres., Libby Engineering, Ltd., Montreal, Que. 

Leitch, J. D., Exec. Vice-Pres., The Arthur S. Leitch Co., Ltd. 
Downsview, Ont. 

McGleish, J. D., Repr., Emco (Western) Ltd., Winnipeg, Man, 

gy D. H., Repr., Farr Company Manufacturing, Ltd., Mont 
rea 

Shishakly, M. W., Dist. Mgr., Ruud Manufacturing Co., Montreal, Que. 


Denmark 
Clausen, Mads, Owner & Pres., Danfoss Manufacturing Co., Norberg: 


Holland 


Vopni, R. D., pees Mer., Spee Products Region II, Chrysler 
International S. A., Rotterdam 


Italy 


Contin, Bruno, Cens. Engr., Rome. 
du Bot, G. A., Owner, Pubblindustria Co., Milan. 


Lebanon 
Kassis, R. A., Head of Refr. Dept., Fouad Salim Sasd, Beirut. 


South Australia 


Brown, T. A., Jr. Engr., Chrysler Australia Ltd., Airtemp Div» 
Tonsley Park. 


Switzerland 
Klaiber, Max, Gen. Mer., Defensor, Zurich. 


West Indies 3 


Priest, W. J., Gen. Mgr. A-C. & Refr. Div., Tarton Metal Cou 
Port of Spain, Trinidad. a 
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